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1.0        INTRODUCTION 


Over  the  past  decade,  national  attention  has  been  drawn  to 
the  issue  of  trace  contaminants  in  the  environment  and  the 
need  to  control  the  discharge  of  these  toxic  compounds  in 
treated  effluents  from  municipal  sewage  treatment  plants 
(STPs) .   Research   '  '    has  shown  that  the  biological  pro- 
cesses in  municipal  STPs  are  capable  of  achieving  a  high  de- 
gree of  trace  contaminant  removal  when  operated  under  stable 
conditions  and  after  acclimation  of  the  microbial  species  to 
the  contaminants  present  in  the  wastewater.   In  full-scale 
systems,  steady  state  conditions  seldom  exist.   Under  such 
circumstances,  the  biological  processes  are  exposed  to 
highly  variable  input  loads  of  a  wide  range  of  trace  contam- 
inants.  The  degree  of  variability  which  can  be  tolerated  by 
conventional  biological  processes  and  the  dynamic  response 
of  these  processes  to  transient  conditions  is  poorly  under- 
stood. 

An  improved  understanding  of  the  response  characteristics  of 
conventional  treatment  facilities  to  typical  input  fluctua- 
tions in  trace  contaminants  would  assist  regulatory  authori- 
ties in  the  development  of  appropriate  sewer  use  management 
strategies.   Accordingly,  CANVIRO  CONSULTANTS  has  undertaken 
an  investigation  aimed  at  defining  the  dynamic  behaviour 
characteristics  of  full-scale  STPs.   The  investigation  has 
been  undertaken  in  three  phases.   In  Phase  I,  a  comprehen- 
sive technical  review  was  completed  with  the  objective  of 
compiling  and  collating  the  information  presently  available 
with  respect  to  the  fate  of  trace  contaminants  in  municipal 
STPs    .   Phase  II  of  the  program  involved  an  intensive 
sampling  program  at  three  full-scale  Ontario  STPs  to  quan- 
tify the  degree  of  variability  in  the  concentration  of  trace 
contaminants  in  the  influent  and  effluent  streams  from  such 
facilities.   In  Phase  III,  laboratory-scale  activated  sludge 
treatment  units  were  operated  under  dynamic  loading  condi- 
tions to  verify  the  Phase  II  findings  under  controlled  con- 
ditions. 


1. 1        Summary  of  Phase  I  Investigations 

(4) 
The  technical  review    ,  completed  in  1987,  focused  on  char- 
acterizing trace  contaminant  concentrations  in  municipal  STP 
influents,  effluents,  sludges  and  internal  recycle  streams. 
Particular  attention  was  paid  to  data  identifying  the  dyna- 
mic fluctuation  patterns  on  the  variability  of  these  trace 
contaminants.   Contaminant  removal  efficiencies  were  summar- 
ized and  the  mechanisms  responsible  for  removal  were  identi- 
fied.  Mathematical  models  describing  the  removal  mechanisms 
were  also  assessed. 

The  technical  review  verified  that  little  information  was 
available  with  respect  to  the  variability  of  trace  contami- 
nant concentrations  at  full-scale  STPs.   Most  characteriza- 
tion studies  undertaken  to-date  have  been  based  on  composite 
sampling  approaches  which  mask  the  time-dependent  variations 
in  concentration.   Where  data  were  available,  they  typically 
dealt  with  heavy  metal  concentrations  and  rarely  with  trace 
organics.   There  were  often  inconsistencies  between  studies 
with  respect  to  sampling  frequency,  sampling  method  and 
sample  location  which  make  it  extremely  difficult  to  inter- 
pret the  results.   Some  studies  reported  that  influent  and 
effluent  concentrations  of  some  contaminants  were  highly 
correlated  and  data  suggested  that  concentrations  in  treated 
effluents  were  as  variable  as  those  in  the  raw  wastewater. 
However,  the  database  was  extremely  limited  and  no  investi- 
gation of  the  dynamic  response  characteristics  of  full-scale 
STPs  to  variable  influent  trace  contaminant  concentrations 
was  identified  during  the  technical  review. 


1 .2       Scope  of  Phase  II 

The  primary  objectives  of  the  Phase  II  investigations  were 
to  quantify  the  degree  of  variability  of  selected  trace  con- 
taminants experienced  at  typical  full-scale  STPs  in  Ontario 
and  to  determine  the  extent  of  the  effluent  response  to  the 
dynamic  fluctuations  in  influent  strength.   In  addition,  an 
effort  was  made  to  generate  dynamic  models  that  would  des- 
cribe the  non-steady  state  behaviour  of  these  facilities. 

Three  full-scale  STPs  were  selected  for  intensive  monitor- 
ing; the  Waterloo  STP  in  Waterloo,  Ontario;  the  Gait  STP  in 
Cambridge,  Ontario  and  the  Welland  STP  in  Welland,  Ontario. 


It  was  intended  that  this  selection  would  cover  a  range  of 
influent  quality  from  primarily  domestic  (Waterloo  STP) 
through  light  industrial  (Gait  STP)  to  heavy  industrial 
(Welland  STP) .   The  raw  influent  wastewater  and  the  secon- 
dary effluent,  prior  to  disinfection,  were  sampled  at  each 
facility  at  2  hour  intervals  for  8  days.   Details  regarding 
the  sampling  program  are  presented  in  Section  2.0  of  the 
report. 

A  short-list  of  target  trace  contaminants  was  developed 
based  on  those  that  had  been  most  frequently  identified  in 
earlier  investigations   '  '   .   The  short  list  included  six 
commonly  found  heavy  metals,  polyaromatic  hydrocarbons 
(PAHs) ,  phenolic  compounds,  and  volatile  chlorinated  and 
non-chlorinated  organic  compounds.   All  influent  and  efflu- 
ent samples  were  analyzed  for  these  target  trace  contami- 
nants, as  well  as  conventional  contaminants.   Details  re- 
garding the  analytical  protocols  are  presented  in  Section 
2.0.   Additional  sampling  and  analysis  were  also  undertaken 
during  the  monitoring  period  at  each  plant  to  establish  sys- 
tem operating  conditions.   At  the  same  time,  the  acute  and 
chronic  toxicity  of  the  raw  influents,  secondary  effluents 
and  chlorinated  final  effluents  at  each  facility  were 
measured. 


1 .  3       Report  Format 

This  report  presents  the  results  of  the  sampling  programs 
undertaken  at  the  three  full-scale  STPs.   Details  regarding 
the  sampling  program  and  analytical  procedures  are  presented 
in  Section  2.0,  along  with  detailed  descriptions  of  the 
three  treatment  facilities  involved  in  the  field  studies. 
Results  for  each  individual  full-scale  STP  are  reported  in 
separate  chapters  -  Waterloo  STP  in  Section  3.0,  Welland  STP 
in  Section  4.0  and  Gait  STP  in  Section  5.0.   Section  6.0 
describes  the  development  of  dynamic  models  characterizing 
the  response  of  the  three  sampled  STPs  for  selected  trace 
contaminants.   Section  7.0  provides  a  summary  of  the  field 
study  results,  along  with  a  discussion  of  the  implications 
of  the  data  from  a  trace  contaminant  management  standpoint. 
Supporting  information  is  presented  in  the  report 
appendices. 


2.0  EXPERIMENTAL  PROCEDURES 

2. 1  Descriptions  of  STPs 

2.1.1     Waterloo  STP 

2.1.1.1    Design  Data 

The  Waterloo  STP  is  a  conventional  activated  sludge  facility 
designed  to  treat  an  average  daily  flow  of  45,460  m^/d  with 
a  peak  flow  capacity  of  113,650  m^/d.   The  plant  was  de- 
signed to  accommodate  an  influent  strength  of  270  mg/L  BOD 
and  270  mg/L  TSS.   A  schematic  flowsheet  of  the  facility  is 
given  in  Figure  1.   The  plant  includes  two  parallel,  inde- 
pendent sections  which  share  a  common  influent  works 
(screening  and  lift  station)  and  a  common  outfall.   The  old 
section  of  the  plant  (Stage  1)  provides  a  rated  capacity  of 
27,276  m^/d  (peak  capacity  45,460  m^/d)  while  the  newer 
Stage  II  Phase  I  section  provides  a  rated  capacity  of  18,184 
m^/d  (peak  capacity  68,190  m^/d).   Each  section  has  a  dedi- 
cated headworks,  including  flow  measurement  and  grit 
removal,  primary  clarification,  aeration,  secondary  clarifi- 
cation and  two-stage  anaerobic  sludge  digestion.   There  is 
no  intermixing  of  liquid  streams  or  sludges  prior  to  dis- 
charge.  Ferrous  chloride  is  metered  separately  to  the  aera- 
tion sections  of  each  facility  for  phosphorus  removal. 
Design  criteria  for  the  key  unit  processes  are  summarized  in 
Table  1. 

Other  than  the  sizes  of  the  individual  tanks  in  the  Stage  I 
and  Stage  II  -  Phase  1  plants,  the  major  difference  between 
the  plants  relates  to  the  method  of  oxygen  transfer  to  the 
aeration  basins.   Stage  I  utilizes  submerged  turbines,  with 
three  22.4  kW  turbine  mixers  in  each  of  four  single-pass 
aeration  tanks  and  two  149  kW  blowers  providing  the  air  sup- 
ply through  66  spargers  in  each  tank.   The  Stage  II  -  Phase 
1  plant  utilizes  four  22.4  kW  surface  aerators  in  each  of 
two  four-celled  aeration  tanks. 

The  secondary  effluent  is  disinfected  prior  to  discharge  to 
the  Grand  River  by  chlorination.   Chlorine  is  fed  from  tonne 
cylinders  to  the  secondary  effluent  from  the  Stage  1  plant, 
which  then  combines  with  the  secondary  effluent  from  the 
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stage  II  -  Phase  I  plant.   The  1120  m  outfall  to  the  Grand 
River  provides  adequate  contact  time  for  disinfection  prior 
to  discharge. 

2.1.1.2  Historical  Performance  and  Operating 
Characteristics 

The  Waterloo  STP  has  consistently  produced  a  high  quality 
effluent  although  operating  at  near  design  capacity.   Annual 
average  influent  and  effluent  quality  data  are  summarized 
for  the  years  1981  to  1986  in  Table  2.   Average  daily  flow 
for  the  one-year  period  September  1985  to  September  1986 
which  encompasses  the  sampling  period  was  44,680  m^/d  (98 
percent  of  design  capacity) .   The  plant  is  operated  so  that 
approximately  60  percent  of  the  raw  sewage  flow  is  directed 
to  Stage  I  and  the  remaining  40  percent  is  directed  to  Stage 
II. 

Despite  operating  at  near  design  capacity,  historical  data 
for  the  1985/1986  periods  show  that  the  Waterloo  STP 
achieved  partial  nitrification.   Influent  TKN  averaged  30.4 
mg/L  during  this  period  while  the  effluent  NH^-N  averaged 
5.5  mg/L.   No  historic  nitrate  or  nitrite  data  are  avail- 
able. 

Key  operational  parameters  for  the  biological  systems  (Stage 
I  and  Stage  II  -  Phase  1)  for  the  Sept.  1985  to  Sept.  1986 
period  are  summarized  in  Table  3.   The  relatively  high  SRT 
(7  to  9  days)  estimated  for  the  plant  supports  the  conclu- 
sion regarding  partial  nitrification  based  on  historic  data. 

2.1.1.3  Industrial  Wastewater  Contributions 

Raw  sewage  at  the  Waterloo  STP  would  be  considered  to  be 
primarily  domestic  in  nature.   Annual  sanitary  sewer  dis- 
charges to  the  facility  from  industrial  and  institutional 
contributors  are  summarized  in  Table  4.   On  a  daily  basis, 
these  contributors  total  approximately  6870  m^/d  or  about 
15.4  percent  of  the  plant  influent  flow.   This  total  in- 
cludes about  2310  m^/d  of  flow  from  the  two  local  univer- 
sities which  is  primarily  domestic  waste.   A  local  brewery 
and  a  distillery  contribute  37  percent  of  the  total  indu- 
strial flow  to  the  Waterloo  STP. 
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Digested  sludges  from  the  Waterloo  STP  are  applied  to  agri- 
cultural land  and,  as  shown  in  Table  5,  contain  relatively 
low  metal  concentrations  compared  to  their  nitrogen  content. 
These  data  tend  to  confirm  the  small  industrial  contribution 
of  wastewater  to  the  Waterloo  STP. 

2.1.2      Welland  STP 

2.1.2.1  Design  Data 

The  Welland  STP  is  a  conventional  activated  sludge  facility 
designed  to  treat  an  average  daily  flow  of  45,460  m^/d.   A 
schematic  flowsheet  for  the  facility  is  given  in  Figure  2. 
As  the  collection  system  in  the  City  of  Welland  contains  a 
significant  component  of  combined  sewers,  excessive  hydrau- 
lic loading  is  controlled  by  storage  of  raw  sewage  in  the 
trunk  sewer  feeding  the  plant.   In  addition,  approximately 
46,000  m^  of  offline  storage  capacity  is  provided  in  one  of 
the  collectors  tributary  to  the  trunk  sewer. 

Plant  headworks  include  manually  and  automatically  cleaned 
bar  screens  and  a  detritor.   Pre-aeration  is  provided  up- 
stream of  four  parallel  primary  clarifiers  which  feed  eight 
square  aeration  tanks  each  equipped  with  a  45  kW  mechanical 
surface  aerator.   The  aeration  tanks  are  configured  to  allow 
a  wide  range  of  parallel  and  series  flow  configurations. 
Mixed  liquor  from  the  aeration  tanks  is  split  to  six  rec- 
tangular clarifiers  and  two  parallel  square  clarifiers. 
Each  set  of  secondary  clarifiers  is  served  by  a  dedicated 
chlorine  contactor  for  final  effluent  disinfection.   Waste 
activated  sludge  is  co-thickened  in  the  primary  clarifiers 
and  excess  sludge  undergoes  two  stage  anaerobic  digestion 
prior  to  land  application.   Supernatant  from  the  secondary 
digester  returns  to  the  plant  in  the  trunk  sewer  upstream  of 
the  wet  well.   Ferrous  chloride  is  added  to  the  aeration 
tank  influent  for  phosphorus  removal.   Key  design  data  for 
major  unit  processes  are  summarized  in  Table  6. 

2.1.2.2  Historical  Performance  and  Operating 
Characteristics 

The  Welland  STP  has  historically  complied  with  its  effluent 
guidelines  of  25  mg/L  BOD  ,  25  mg/L  TSS  and  1.0  mg/L  TP 
while  operating  at  about  85  percent  of  design  hydraulic 
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TRUNK  SEWER 


SECONDARY 
DIGESTER 


FIGURE  2:    PROCESS  FLOW  SCHEMATIC  OF  WELLAND  STP 


e  e 


(T3 

E              13 

r-  o     • 

E 

X! 

00  o      • 

•    (N   M 

CT^      •  in  's 

fM  ^  e 

m 

CO 

•  i-o  rsi   E 

•  n 

' — ' 

m        •^  ---- 

n        • 

E 

X         " 

in   E 

X        " 

E   c 

c 

11    E 

x: 

X      II  e 

■H 

o^ 

■rH 

e 

x: 

o 

E 

sz 

o    E 

E 

nj  o^ 

X  a^ 

in 

E         fO  r- 

in 

o 

^    0)     . 

,— 1 

^ 

<D    0)     • 

<o 

rsi  o 

CO 

•  u  o 

E  00 

■V 

r-H          •       iH     O 

rH     ^ 

X 

vx)  <  n 

oj 

.    vr>    <    rH 

00 

Oi 

,_, 

ro    II 

II 

U5  ro 

II         II 

Eh 

E 

X    0)    II 

II 

0    II 

II 

cn 

<Ti 

II 

o 

CXI    re  TJ 

Lfl     <D 
.-H     E 

X   X    u 

0) 
E 

Q 

Eh 

.  i+H    fT3 

Eh 

D  Eh 

E    E  '^    "3 

Eh 

D  H 

2 

r^ 

S 

in  ^j   0 

a 

<S*  i-i 

a 

^    0 

IX 

.—1  K 

< 

j-i 

rr  D  .:; 

E 

0 

X 

r-  vc    3  iJ 

X 

C  = 

^j 

0 

X 

to 

U3   > 

•      •  CO 

> 

kJ 

4-1 

C 

tsj         C 

c 

r-l 

c 

tN   'XJ            C 

c 

c 

a 

E 

CP 

^    Cr>  CP 

-H   -H 

CP 

•cr  ro  r-l    tji  Cji 

,H     CP 

2 

U 

Jh     TJ    -rH 

•H 

o;  TJ 

•H 

nj  -H 

•H 

(0   -H 

-P 

a^ 

w 

3  +J    Ul 

02 

0  -P 

0) 

csj  s^  4J  cn 

U3 

4-1     0"; 

IX 

0) 

OJ 

COO) 

O 

0 

0) 

0    <D 

CJ 

0  c; 

<D  O 

Q 

r- 

Q 

t.  Eh  Q 

D 

00    Eh 

Q 

U3   CM    £h    Q 

Q 

Eh    Q 

^   Cx. 

XI 

ro  > 

H  K 

< 

2 

S 

3 

cn 

z 

o 

H 

cn 

u 

a 

U 

14 


capacity.   Average  influent  and  effluent  quality  data  for 
the  period  1981  to  1986  are  summarized  in  Table  7.   Average 
daily  flow  for  1986  was  37,959  m^/d,  equivalent  to  about  83 
percent  of  design.   The  plant  has  traditionally  operated 
with  up  to  half  of  the  aeration  capacity  offline  to  reduce 
energy  costs  because  excess  biological  capacity  is  available 
for  the  low  strength  wastewater.   During  1986,  only  four 
tanks  were  in  operation,  configured  as  four  tanks  in  series. 
Return  sludge  was  directed  to  the  first  tank  where  it  mixed 
with  the  incoming  wastewater.   The  plant  operated  with  ap- 
proximately 65  percent  of  the  flow  directed  to  the  older 
rectangular  clarifiers  and  35  percent  of  the  flow  directed 
to  the  new  clarifiers. 

Key  operational  parameters  for  the  biological  component  of 
the  plant  for  1986  are  summarized  in  Table  8. 

2.1.2.3    Industrial  Wastewater  Contributions 

The  City  of  Welland  is  a  centre  of  heavy  industry  in  the 
Regional  Municipality  of  Niagara  with  food,  steel,  textile, 
rubber  and  plastic,  electrical  appliance  manufacturing,  car- 
bon and  graphite  electrode  manufacturing,  agricultural 
implement  fabricators  and  steel  fabricators  included  in  the 
industrial  profile.   Available  data  on  ma]or  industrial  dis- 
charges are  summarized  in  Table  9.   On  a  daily  basis,  the 
industrial  flow  contribution  to  the  Welland  STP  was  esti- 
mated to  be  9500  m^/d  or  approximately  25  percent  of  the 
1986  average  daily  flow  to  the  plant.   Commercial  discharges 
represented  an  additional  2850  m^/d  or  7.5  percent  of  the 
flow.   Major  contributors  include  a  specialty  steel  mill, 
metal  fabricators  and  a  carbon  electrode  manufacturer. 

Digested  sludges  from  the  Welland  STP  are  applied  to  agri- 
cultural land  and,  despite  the  high  industrial  flow  contri- 
bution, do  not  have  a  problem  with  high  metal  concentra- 
tions. 
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2.1.3      Gait  STP 

2.1.3.1  Design  Data 

The  Gait  STP  is  a  conventional  activated  sludge  facility 
serving  the  City  of  Cambridge  in  the  Regional  Municipality 
of  Waterloo.   The  plant  was  designed  to  handle  an  average 
daily  flow  of  38,640  m^/d  at  influent  concentrations  of  250 
mg/L  BOD   and  suspended  solids.   A  schematic  flowsheet  of 
the  plant  is  given  in  Figure  3.  •   . 

Headworks  at  the  plant  consist  of  automatically  cleaned  bar 
screen,  comminution  and  grit  removal  in  parallel  5.5  m  dia- 
meter detritors.   Primary  clarification  is  provided  in  four 
circular  18.3  m  diameter  clarifiers  upstream  of  four, 
single-pass  aeration  tanks  each  equipped  with  five  mechani- 
cal aerators  on  a  line-drive  29.4  kW  motor.   Mixed  liquor  is 
separated  from  the  liquid  effluent  in  four  circular  22.9  m 
secondary  clarifiers.   Effluent  is  disinfected  in  two  chlo- 
rine contactors  in  series  prior  to  discharge  to  the  Grand 
River.   Waste  activated  sludge  is  co-thickened  and  the  com- 
bined sludges  are  anaerobically  digested  prior  to  land 
application.   The  supernatant  return  for  the  secondary 
digesters  is  piped  to  the  influent  trunk  sewer  upstream  of 
the  plant;  however,  no  supernatant  is  returned  to  the  plant 
except  in  emergency  situations. 

Phosphorus  removal  at  the  plant  has  traditionally  been 
accomplished  by  ferric  chloride  addition  to  the  aeration 
tank  effluent.   However,  during  this  study,  the  plant  was 
evaluating  ferrous  chloride  addition  as  an  alternate  means 
of  achieving  phosphorus  removal.   Chemical  dosage  had  not 
been  optimized  at  the  time  of  sampling. 

Key  design  data  for  major  unit  processes  are  summarized  in 
Table  10. 

2.1.3.2  Historical  Performance  and  Operating 
Characteristics 

The  Cambridge  STP  has  consistently  complied  with  its  design 
guidelines  of  25  mg/L  BOD   and  suspended  solids  and  1.0  mg/L 
TP,  as  indicated  by  the  data  summary  in  Table  11.   Average 


19 


Q. 
H 
0) 

< 

o 

11. 

o 
o 

< 

z 
o 
in 

^ 
o 


0) 
(A 
111 
O 

o 

Q. 
liJ 

cc 

o 
iZ 


■p  a 

D  E 

O  m 

3  • 

Eh  in 


0)  « 

4J  II    E 

0)  Q  Q            ^ 

g  S  3   to  00 

•  rH  Ul  V£>      • 

Q    E  E  <  f^  '-' 

S  r-  o  0)  11    II 

•  •   O 

n  <N  n   to  T) 

M-l    TO   Eh 

CO  ta  <aj  >-i   O  Ci 

r-l  3    hJ    X 

O  0  U3 

(2.  3  3         C   C 

E-i  Eh  ^   CJi  IT 

C  C   OJ   <U 

fc  £h   Q   Q 


(2J  (N 

^  E 
C    X 

.-:  o 

&H    £  O  £ 
vD 

tn  i-H  ^  o 

Ul      • 

(C  CTi    II    "3" 

X    GJ    II 


a 

E 

^   E 

3  E-i 

en 

^  « 

C  r~ 

0  = 

•H        • 

> 

cr.  m 

c 

T 

rH      CP 

ij 

nj  -H 

4J    Ul 

0 

0    <D 

u- 

£h  Q 

o    • 

in  M 

Q  VD    E 


X   <  CM  (N 

E   0)  II  II 
u 

.  Mh  (0  Eh 

(N     >H  0  a 

rsi   3  J  =: 

CO 

<HJ  C  C 

U    to  ■•-{  -ri 

3  4-)  en  en 

O  O  dJ  0) 

fc  Eh  C  Q 


£  < 

Eh    S 

:3 


> 

,— 1 

u 

£ 

Q 

> 

cx; 

>H 

(0 

-u 

.H 

c 

u 

5 

>1 

c 

i-l 

(U 

0 

(0 

c 

■H 

-u 

-H 

4J 

c 

Wl 

10 

0 

c 

u 

u 

f-l 

0) 

(U 

x: 

< 

w 

u 

21 


I  " 


ro  Z 

Eh  U 


22 


Daily  flow  for  the  period  September  1984  to  September  1986, 
immediately  prior  to  this  sampling  program,  was  30,910  m^/d, 
equivalent  to  80  percent  of  design. 

Historical  plant  data  suggest  that  the  plant  achieves  a  high 
degree  of  nitrification  in  the  summer  months,  reducing  in- 
fluent TKN  levels  of  about  25  mg/L  to  effluent  concentra- 
tions of  about  5  mg/L.   On  an  annual  basis,  the  average 
effluent  TKN  concentration  is  about  14  mg/L  suggesting 
approximately  40  percent  nitrification.   The  system  operates 
at  an  SRT  of  approximately  5  days  which  is  consistent  with 
the  nitrification  data  reported.   Other  key  operating  para- 
meters for  the  1984  to  1986  period  are  summarized  in  Table 
12. 


.   Table  12 
BIOLOGICAL  SYSTEM  OPERATING  CONDITIONS  -  GALT  STP 


(Sept/84  -  Sept/86) 


HRT  (h)  5.1 

MLSS  (mg/L)  1300 

MLVSS  (mg/L)  1040 

RSSS  (mg/L)  2600 

DO  (mg/L)  3.2 

SRT  (d)  4.6 

F/M  0.54 

Organic  Loading  0.56 
(kg  BOD  /mM) 

Recycle  Ratio  78% 


2.1.3.3    Industrial  Wastewater  Contributions 

The  collection  system  serving  the  Gait  STP  receives  contri- 
butions from  a  wide  range  of  industrial  sectors  including 
metal  finishers,  textile  mills,  a  pesticide  manufacturer, 
food  processing  industries,  foundries,  electronics  indus- 
tries and  chemical  manufacturers.   Major  contributors  are 
identified  in  Table  13.   Overall,  it  is  estimated  that  about 
26  percent  of  the  plant  influent  is  contributed  from  indus- 
trial sources. 
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Digested  sludges  from  the  Cambridge  STP  are  applied  to  agri- 
cultural land  and  meet  MOE  guidelines  for  metal  content. 
Despite  the  high  industrial  contribution  to  the  plant,  only 
the  cadmium  content  of  the  sludge  approaches  the  land  appli- 
cation guidelines  based  on  1985  average  data  presented  in 
Table  14. 


Table  14 
METAL  CONTENT  OF  GALT  STP  SLUDGES 


Nitrogei 

i/Metal 

Ontario 

Wet  Sludge 
Mean 

Concentration 

Ratio 

Guideline 

Limit  for 

Parameter 

(mg/L) 
20 

Std.  Dev. 
7 

Mean 

- 

Std.  Dev. 

Metal  Ratios 

Chromium 

58 

22 

6 

Zinc 

51 

17 

23 

10 

4 

Copper 

43 

14 

21 

11 

10 

Nickel 

7 

4 

169 

86 

40 

Lead 

12 

17 

162 

72 

15 

Cadmium 

3 

1 

560 

337 

500 

Cobalt 

0.2 

0.1 

8,367 

3,076 

50 

Mercury 

0.09 

0.05 

12,892 

3,654 

1,500 

Molybdenum 

0.4 

0.1 

8,259 

1,005 

180 

Arsenic 

0.3 

0.08 

4,397 

1,536 

100 

Selenium 

0.1 

0.03 

10,509 

3,482 

500 

2.2 


Sampling  Procedures 


Sampling  procedures  were  similar  at  each  of  the  three  STPs 
included  in  the  program.   Grab  samples  of  the  influent  to 
the  plant  and  the  treated  secondary  effluent  from  the  plant 
were  collected  a  2-hour  intervals  for  a  period  of  about  200 
hours  to  provide  an  influent  and  effluent  sequence  of 
approximately  100  paired  data  points.   All  samples  were  col- 
lected in  stainless  steel,  glass  or  teflon  containers  and 
appropriately  preserved  onsite  prior  to  analysis.   Samples 
which  were  destined  for  analysis  of  soluble  components  (fil- 
tered TOC,  filtered  phosphorus)  were  filtered  onsite  immedi- 
ately after  collection. 
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In  addition  to  the  influent  and  effluent  sarr.ples  collected 
for  trace  contaminant  analysis,  mixed  liquors  and  waste 
activated  sludges  were  sampled  at  eight  hour  intervals  to 
allow  solids  retention  time  (SRT)  calculations. 

Influent  and  secondary  effluent  samples  for  acute  toxicity 
testing  were  also  collected  at  the  same  locations  as  those 
for  chemical  analyses.   A  total  of  ten  influent  and  secon- 
dary effluent  samples  were  collected  over  the  eight-day 
monitoring  period  to  cover  periods  of  high  load  (high 
strength  and  high  flow  during  day-time  weekday  periods)  and 
lower  load (  early  morning  and/or  weekend  periods).   In  addi- 
tion to  these  samples,  the  combined  final  effluent  from  the 
facility  after  chlorination  was  also  sampled  for  toxicity 
testing  on  14  occasions.   These  samples  were  typically  col- 
lected twice  per  day  in  the  early  morning  (04:00  hours)  and 
around  mid-day  (10:00  to  12:00). 

Specific  details  of  the  sampling  program  at  each  facility 
are  presented  in  the  following  subsections. 

2.2.1      Waterloo  STP 

The  intensive  sampling  at  the  Waterloo  STP  was  conducted  for 
8  days  in  July  1986,  commencing  on  July  2  at  12:00  hours  and 
finishing  on  July  10  at  16:00  hours. 

Raw  sewage  samples  were  collected  downstream  of  the  degrit- 
ters  in  the  old  part  of  the  plant  (Stage  I) .   This  sample 
was  considered  to  be  representative  of  the  total  STP  influ- 
ent.  The  sample  point  was  upstream  of  the  point  of  super- 
natant return  from  the  anaerobic  digestion  facilities  and  of 
the  waste  activated  sludge  discharge  point.   Secondary  ef- 
fluent samples  were  collected  from  the  discharge  of  the  sec- 
ondary clarifiers  in  each  of  the  two  plants  upstream  of  the 
point  of  chlorine  addition  to  the  Stage  I  plant  effluent. 
The  Stage  I  and  Stage  II  Phase  1  plant  effluents  were  com- 
bined in  proportion  to  the  relative  flow  through  each  plant. 
These  sampling  locations  were  identified  in  the  plant  sche- 
matic in  Figure  1. 
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2.2.2  Welland  STP 

The  intensive  sampling  at  the  Welland  STP  was  conducted  for 
8  days  in  August  1986,  commencing  on  August  19  at  08:00 
hours  and  finishing  on  August  27  at  12:00  hours. 

Raw  sewage  samples  were  collected  downstream  of  the  detri- 
tor.   Digester  supernatant  flow  was  temporarily  diverted  by 
means  of  portable  submersible  pumps  from  the  normal  dis- 
charge point  in  the  trunk  sewer  upstream  of  the  plant  influ- 
ent wet  well  to  a  discharge  point  downstream  of  the  raw 
sewage  sample  point.   Thus,  raw  sewage  samples  collected 
during  the  intensive  sample  period  did  not  contain  digester 
supernatant.   Secondary  effluent  samples  were  collected  from 
the  discharges  of  the  old  and  new  secondary  clarifier  and 
combined  in  proportion  to  the  relative  flow  through  each 
clarification  section.   Flows  through  the  old  and  new  clari- 
fiers  were  estimated  based  on  level  measurements  on  the 
overflow  weirs  of  the  chlorine  contactors  serving  each  set 
of  secondary  clarifiers.   These  sample  locations  were  iden- 
tified on  the  plant  schematic  in  Figure  2. 

2.2.3  Gait  STP 

The  intensive  sampling  at  the  Gait  STP  was  conducted  for  8 
days  in  September  and  October  1986,  commencing  on  September 
30  at  08:00  hours  and  finishing  on  October  8  at  12:00  hours. 
Heavy  rains  were  experienced  during  the  early  period  of 

sampling  on  September  30. 

Raw  sewage  samples  were  collected  downstream  of  the  No.  1 
detritor.   The  sample  point  was  downstream  of  the  digester 
supernatant  discharge;  however,  plant  personnel  had  indi- 
cated that  supernatant  was  not  returned  to  the  plant  for 
treatment  as  the  secondary  digester  was  operated  at  a  low 
level  to  prevent  supernating.   Unfortunately,  on  October  7, 
a  timer  activating  the  raw  sludge  pumps  failed,  causing  an 
excessive  amount  of  sludge  to  be  pumped  to  the  digesters. 
As  a  result,  supernatant  was  returned  to  the  plant.   Raw 
sewage  samples  collected  at  06:00  and  08:00  hours  had 
noticeably  high  suspended  solids  content  because  of  the  pre- 
sence of  digester  supernatant.   Plant  staff  rectified  the 
problem  immediately  thereafter. 
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Secondary  effluent  samples  were  collected  from  the  common 
collection  chamber  serving  the  four  secondary  clarifiers  up- 
stream of  the  chlorine  contactor.   These  sampling  locations 
were  identified  on  the  plant  schematic  in  Figure  3. 


2.3       Analytical  Procedures 

A  small  number  of  selected  trace  contaminants  were  monitored 
to  maintain  analytical  requirements  at  a  manageable  level. 
Conventional  contaminants  were  also  monitored  so  that  STP 
performance  during  the  sampling  period  could  be  compared  to 
the  historical  performance  data. 

2.3.1      Conventional  Contaminants 

All  influent  and  effluent  samples  were  analyzed  for  filter- 
able organic  carbon  (FOC)  ,  using  an  Astro  Model  2000  TOC 
analyzer  equipped  with  an  autosampler,  and  for  total  sus- 
pended solids.   Influent  and  effluent  BOD   were  measured  on 
five  to  ten  occasions  over  the  eight  day  sampling  period. 
Nitrogen  species  (TKN  and  NH^-N)  were  also  measured  to 
assess  the  degree  of  nitrification  achieved  at  the  facility. 
In  raw  sewage  samples,  TKN  was  measured  on  approximately 
every  second  sample  and  ammonia  was  measured  on  every  tenth  ■ 
sample.   In  effluent  samples,  ammonia  was  measured  on  every 
second  sample  and  TKN  was  measured  on  five  to  ten  occasions. 
In  addition,  mixed  liquor  samples  and  waste  activated  sludge 
samples  were  analyzed  for  total  suspended  solids  (TSS)  and 
volatile  solids  (VSS) .   All  conventional  analyses  were  con- 
ducted acfording  to  the  procedures  described  in  Standard 


2.3.2     Metals 

Six  common  heavy  metals  -  cadmium,  chromium,  copper,  nickel, 
lead  and  zinc  -  were  selected  for  analysis  in  all  influent 
and  effluent  samples.   Analyses  were  conducted  on  unfil- 
tered,  pre-concentrated  digested  samples  by  inductively 
coupled  plasma  (ICP)  techniques.   As  a  result  of  this  ana- 
lytical approach,  data  were  also  generated  on  eighteen  other 
metals,  although  these  data  were  not  subjected  to  detailed 
analysis  as  part  of  this  investigation  with  the  exception  of 
the  phosphorus  concentration  data  in  influent  and  effluent 
samples.   Phosphorus  was  considered  to  be  a  conventional 
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contaminant  in  the  same  class  as  the  TOC  and  nitrogen  spe- 
cies.  To  support  the  total  phosphorus  data  generated  along 
with  the  other  metal  data,  filtered  samples  of  all  raw  sewage 
and  secondary  effluents  were  also  digested  and  analyzed 
specifically  for  filtered  phosphorus  by  ICP  procedures. 

2.3.3     Organics 

All  influent  and  effluent  samples  were  analyzed  for  total 
phenolic  compounds  wet  chemically  using  the  4-aminoantipy- 
rine  (4-AAP)  method  as  described  in  Standard  Methods 

Polyaromatic  hydrocarbons  (PAH)  were  analyzed  in  all  influ- 
ent and  effluent  samples  at  the  Waterloo  STP  by  reverse 
phase  high  pressure  liquid  chromatography  (HPLC)  with  UV  and 
fluorescence  detection  according  to  the  U.S.  Environmental 
Protection  Agency  Method  610.   Samples  for  PAH  analysis  were 
extracted  in  dichloromethane  in  the  field  in  a  continuous 
liquid-liquid  extractor  as  described  by  Neilson  et  al 
At  the  Welland  STP,  all  influents  and  effluents  were  sampled 
and  extracted  for  PAH  analysis.   However,  since  the  Waterloo 
STP  results  suggested  that  PAHs  were  typically  not  detected, 
only  10  influent  and  10  effluent  extracts  were  initially 
■analyzed  to  define  the  need  for  additional  analyses.   As  con- 
centrations were  generally  at  or  below  the  detection  limit 
in  all  samples,  the  additional  extracts  were  not  analyzed. 
At  Gait  STP,  all  samples  were  extracted  for  PAH  analyses. 
However,  only  33  influent  sample  extracts  and  35  effluent 
sample  extracts  were  analyzed  to  maximize  resources. 

Volatile  organics  in  influent  and  effluent  samples  were  ana- 
lyzed using  the  purge  and  trap  gas  chromatographic  (GC)  pro- 
cedure with  dual  electron  capture  detector  (ECD)  and  flame 
ionization  detector  (FID)  according  to  EPA  Method  601 
(purgeable  halocarbons)  and  Method  602  (purgeable  aroma- 
tics)  .   Samples  were  introduced  to  the  GC  through  an  auto- 
sampler.   Excluded  from  the  volatile  organics  analysis  were 
the  low  boiling  point  compounds  vinyl  chloride,  chloro- 
methane,  bromomethane ,  chloroethane ,  trichlorof luoromethane 
and  1 , 1-dichloroethylene.   These  compounds  are  seldom 
detected  in  municipal  wastewaters  or  STP  effluents  and,  when 
detected,  occur  at  low  concentrations    .   Xylene  isomers 
(o-xylene  and  p  &  m-xylene)  were  added  to  the  compounds 
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quantified  by  Method  602  since  their  presence  had  consis- 
tently been  observed  in  Ontario  municipal  STPs    .   Due  to 
an  equipment  malfunction  only  the  FID  capabilities  of  the  GC 
were  available  for  analysis  of  samples  from  the  Waterloo 
STP. 

2,3.4      Quality  Control 

A  comprehensive  quality  control  program  was  incorporated  in- 
to all  analytical  work.   In  the  case  of  conventional  contam- 
.inants,  metals  and  phenolics,,  the  quality  control  involved 
field  duplicates  and  field  spikes  which  accounted  for  10 
percent  of  all  samples  submitted.   In  the  case  of  PAH  ana- 
lyses, terphenyl  was  added  to  each  sample  prior  to  extrac- 
tion to  serve  as  a  surrogate  measure  of  recovery  and  matrix 
interference  during  analysis.   Ten  percent  duplicate  samples 
were  also  carried  through  the  extraction  and  analysis  pro- 
cedure . 

Because  of  concerns  regarding  the  GC  analysis  procedures  for 
volatile  organics,  10  percent  field  duplicates  were  analyzed 
by  the  GC  method  and  30  percent  of  all  samples  collected  at 
Waterloo  STP  were  analyzed  by  an  independent  laboratory 
using  gas  chromatography  -  mass  spectroscopy  (GC-MS)  pro- 
cedures according  to  EPA  Method  624.   Good  agreement  between 
the  GC  and  GC-MS  results  was  achieved  and  in  subsequent 
sampling  at  Welland  and  Gait,  a  reduced  number  of  compari- 
sons were  done  using  the  GC-MS  to  verify  the  GC  results. 

Results  of  the  comparative  GC-MS  and  GC  analyses  are  pre- 
sented in  Appendix  1 . 


2  .  4       Biomonitoring  Procedures 

Influents,  secondary  effluents  and  chlorinated  final  efflu- 
ents were  subjected  to  toxicity  testing  with  rainbow  trout 
and  Daphnia  magna.   The  fish  toxicity  bioassays  were  96-hour 
static  acute  toxicity  tests  conducted  according  to  pro- 
cedures outlined  by  Environment  Canada      and  the  Ontario 
Ministry  of  the  Environment     .   Forty-eight  hour  static 
bioassays  with  Daphnia  followed  the  general  directions  of 
the  EPA  testing  protocol     with  specific  modifications  as 
described  by  Buikema  et  al 
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In  the  case  of  chlorinated  final  effluent  samples,  the  sam- 
ples were  dechlorinated  with  sodium  sulphite  prior  to  test- 
ing.  The  ammonia  content  of  the  chlorinated  effluent  sam- 
ples was  measured  and,  if  toxicity  was  noted,  it  was  intend- 
ed to  remove  ammonia  from  the  samples  by  filtration  through 
clinoptilolite.   Further  details  regarding  the  biomonitoring 
procedures  are  included  in  Appendix  2,  along  with  a  techni- 
cal review  of  the  literature  related  to  toxicity  monitoring 
of  municipal  STP  effluents.   The  biomonitoring  tests  were 
conducted  by  BEAK  CONSULTANTS  LIMITED  of  Mississauga, 
Ontario. 
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3.0        WATERLOO  STP  RESULTS 


3 . 1        Plant  Operation  and  Performance 

During  the  intensive  sampling  period  at  the  Waterloo  STP 
(July  2  to  July  10),  operating  conditions  and  performance 
were  representative  of  typical  historic  plant  conditions. 
The  only  untoward  event  was  the  failure  of  the  integrater/ 
totalizer  on  the  flow  meter  to  the  old  part  of  the  plant 
between  20:00  hr  on  July  6  and  08:00  hr  on  July  7.   During 
this  period,  the  ferrous  chloride  feed  to  the  plant  aeration 
tanks  stopped  because  the  chemical  metering  pumps  were  flow- 
paced  from  the  flow  meter  signal.   Because  of  the  lack  of 
flow  data  for  this  period,  flow  to  the  old  plant  was  esti- 
mated based  on  the  typical  ratio  of  total  plant  flow  to  new 
plant  flow  of  1.0:0.4.   This  proportionality  was  also  used 
to  composite  the  secondary  effluent  samples  from  the  two 
sections  of  the  plant  during  this  time  period. 

Flow  data  and  influent  and  effluent  quality  data  for  the 
period  of  June  30  to  July  13  encompassing  the  intensive 
sampling  period  are  presented  in  Table  15.   These  data  are 
based  on  plant  monitoring  records  and  are  indicative  of  typ- 
ical performance  based  on  a  comparison  to  the  historic  data 
(Table  2) .   Average  flow  during  the  two-week  period  was 
39,350  m^/d,  compared  to  the  historic  average  (Sept.  1985  to 
Sept.  1986)  of  44,680  m^/d.   Maximum  daily  flow  was  45,250 
mVd. 


Table  15 
WATERLOO  STP  PERFORMANCE 
(June  30  -  July  13,  1988) 

Average  Daily  Flow  (m^/d)  39,350 

Influent  Quality 
BOD   (mg/L) 
TSS^(mg/L) 
TP  (mg/L) 

Effluent  Quality 
BOD   (mg/L) 
TSS  (mg/L) 
TP  (mg/L) 
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The  elevated  effluent  total  phosphorus  concentration  is 
skewed  by  one  high  result  (3.9  mg/L  on  July  7)  which  was 
directly  attributable  to  the  loss  of  ferrous  chloride  feed 
to  the  system  on  July  6  and  7. 

Average  operating  conditions  for  the  plant  during  the  two 
week  period  encompassing  the  intensive  sampling  period  are 
summarized  in  Table  16.   These  are  considered  typical  based 
on  historic  operating  data  (Table  3). 


Table  16 

AVERAGE  OPERATING  CONDITIONS  AT  WATERLOO  STP 

(June  30  -  July  13,  1986) 


Stage  I  Stage  II  -  Phase  1 


MLSS  (mg/L) 

MLVSS  (%) 

F/M  (kg/kg  VSS.d) 

SRT  (d) 

DO  Range  (mg/L) 

SVI 


1960 

73, 

.1 

0. 

.26 

6. 

.3 

.5  - 

3.3 

344 

1786 

73, 

.8 

0, 

.23 

8, 

.1 

0.9  - 

-  4. 

,0 

230 

3  .  2       Intensive  Sampling  Program  Results 

3.2.1      Conventional  Contaminants 

A  frequency  distribution  for  the  total  plant  flow  recorded 
at  two-hour  intervals  at  the  Waterloo  STP  during  the  200 
hour  sampling  period  is  presented  in  Figure  4.   The  distri- 
bution was  log-normal  with  a  median  value  of  39,700  m^/d  and 
showed  a  typical  diurnal  variation  as  indicated  by  the  chro- 
nological plot  in  Figure  5. 

Frequency  distributions  of  influent  and  effluent  FOC ,  influ- 
ent TKN  and  effluent  NH3-N,  influent  and  effluent  TSS,  and 
influent  and  effluent  total  and  filtered  phosphorus  are  pre- 
sented in  Figures  6  to  10,  respectively.   Key  statistical 
data  for  these  conventional  contaminants  are  summarized  in 
Table  17.   Average  effluent  quality  measured  during  the 
intensive  sampling  confirmed  plant  measurements  in  terms  of 
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BOD  ,  TSS  and  phosphorus.   The  data  also  indicate  that  a 
significant  amount  of  nitrification  was  occurring  in  the 
plant  during  the  sampling  period,  with  effluent  NH  -N  con- 
centrations averaging  approximately  2.5  mg/L  compared  to  in- 
fluent TKN  levels  of  near  30  mg/L.   An  anomaly  exists  in  the 
influent  TSS  concentrations  which,  according  to  the  inten- 
sive data,  averaged  137  mg/L  compared  to  a  plant  reported 
average  of  486  mg/L.   Data  collected  at  the  Waterloo  STP 
during  the  MISA  40  STP  program     also  suggest  lower  TSS 
raw  sewage  concentrations  than  typically  reported  at  the 
plant.   Based  on  5  days  of  sampling  in  January  1987  and  5 
days  in  July  1987,  the  average  influent  TSS  concentration 
was  124  mg/L.   Discussions  with  plant  staff  regarding  samp- 
ling and  analytical  procedures  indicate  that  the  plant  samp- 
ling location  was  changed  in  1987  because  it  was  felt  that  a 
non-representative  raw  sewage  sample  containing  elevated  TSS 
concentrations  was  being  obtained.   Since  that  change  signi- 
ficantly lower  raw  sewage  TSS  concentrations  have  been  re- 
ported by  the  plant. 

As  illustrated  in  Figures  11  and  12  both  the  organic 
strength,  measured  as  FOC,  and  the  TSS  content  of  the  raw 
sewage  exhibited  a  typical  diurnal  pattern  with  reduced  con- 
centrations- on  weekends  as  coijipared  to  weekdays.   These 
diurnal  characteristics  were  not  apparent  in  the  effluent. 
Influent  total  and  filtered  phosphorus  (Figures  13  and  14, 
respectively)  showed  the  same  diurnal  trends;  however,  the 
impact  of  ferrous  chloride  feed  interruption  on  both  total 
and  filtered  phosphorus  concentrations  in  the  effluent  is 
readily  apparent  along  with  the  rapid  response  of  the  system 
after  the  chemical  dosage  was  re-established. 

3.2.2     Metals 

Probability  distributions  for  influent  and  effluent  concen- 
trations of  cadmium,  chromium,  copper,  nickel,  lead  and  zinc 
are  presented  in  Figures  15  to  20,  respectively.   Key  stat- 
istics describing  these  distributions  are  summarized  in 
Table  18.   Copper  and  zinc  were  present  in  the  raw  waste- 
water at  the  highest  concentrations,  in  excess  of  100  ug/L. 
Chromium,  nickel  and  lead  were  present  at  lower  concentra- 
tions in  the  10  to  50  ug/L  range  and  cadmium  concentrations 
averaged  less  than  5  ug/L. 
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Many  of  the  probability  distributions  for  metals  and  organics 
(see  Section  3.2.3)  suggest  that  significantly  fewer  than  99 
data  points  were  collected  in  the  influents  and  effluents  at 
the  Waterloo  STP  and  the  other  two  plants  (Sections  4  and 
5) .   This  apparent  anomaly  relates  to  the  convention  of 
assigning  probabilities  to  every  discrete  result  instead  of 
every  result.   For  example,  the  probability  distribution  for 
cadmium  (Figure  15)  shows  that  only  six  different  concentra- 
tion values  were  found  in  the  99  influent  samples  and  the  99 
effluent  samples  analyzed. 

Chronological  plots  of  influent  and  effluent  metal  concen- 
trations, as  shown  in  Figure  21  to  26,  illustrate  markedly 
different  behaviour  for  the  individual  metals.   Cadmium  con- 
centrations (Figure  21)  were  consistently  near  the  detection 
limit  in  influents  and  effluents  and  the  resolution  of  the 
analytical  method  at  these  concentrations  was  +1.0  ug/L. 
Therefore,  no  significant  pattern  was  apparent. 

Chromium  concentrations  (Figure  22)  showed  a  slight  but  sig- 
nificant diurnal  trend  in  the  influent  based  on  the  auto- 
correlation function  of  the  data.   A  major  perturbation  was 
apparent  near  the  start  of  the  sampling  period.   There  was 
no  significant  diurnal  trend  in  the  effluent  chromium  concen- 
trations but  two  major  excursions  in  the  effluent  were  appar- 
ent.  However,  the  large  influent  concentration  spilce  noted 
on  July  2  did  not  produce  a  significant  effluent  response. 

Influent  copper  concentrations  (Figure  23)  showed  a  definite 
diurnal  trend  with  lower  concentrations  on  weekends  than  on 
weekdays.   Effluent  copper  concentrations  were  more  random 
in  nature  with  no  apparent  diurnal  trend. 

Analysis  of  the  influent  nickel  sequence  (Figure  24)  suggest 
a  statistically  significant  diurnal  pattern  which  is  parti- 
cularly apparent  on  weekdays.   The  effluent  sequence  shows 
two  large  pertubations  around  the  generally  stable  baseline 
concentration  of  about  20  ug/L  with  no  significant  diurnal 
variation. 

Lead  concentrations  in  the  Waterloo  STP  influent  (Figure  25) 
showed  a  high  degree  of  variability,  but  no  significant 
diurnal  pattern.   Lead  concentrations  were  at  or  below  the 
method  detection  limit  (5  ug/L)  in  more  than  85  percent  of 
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FIGURE  22:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cr 
AT  WATERLOO  VPCP 


DATI/TIME  (JUL  2-10) 


EFFLUENT 


iii|iiuiiiiii|iuiii»iinuuiiimyiiuniiiHBiu>iiiJHiiiiiiii»nnmMiiipiiiniMH»i»umpum«»p«immu—iii»|uwuiin|unnuniiiiuu»p— 

W  2400  T  2400  T     2400  S  2400  S  2400  y  2400  T  2400  W  2400  T 
OATE/nUC  (JUL  2-10) 
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FIGURE  25:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Pb 
AT  WATERLOO  WPCP 


the  effluent  samples.   However,  almost  daily  effluent  con- 
centration spikes  were  noted.   These  effluent  spikes  did  not 
correlate  significantly  with  influent  perturbations. 

Zinc  concentration  in  the  raw  sewage  (Figure  26)  also  showed 
a  high  degree  of  variability  with  a  significant  diurnal 
trend.   This  diurnal  trend  was  not  apparent  in  the  effluent 
concentration  however. 

Average  removal  efficiencies  for  the  metal  species  are  sum- 
marized in  Table  19.   Calculated  cadmium  removal  efficiency 
was  relatively  low  because  influent  and  effluent  concentra- 
tions were  near  the  method  detection  limit.   Calculated  lead 
removal  was  low,  although  the  majority  of  effluent  samples 
contained  concentrations  below  the  detection  limit.   This 
anomaly  relates  to  the  convention  of  assigning  a  concentra- 
tion value  equal  to  half  the  detection  limit  to  samples  in 
which  the  contaminant  was  not  detected.   The  other  four 
metals  followed  a  removal  pattern  similar  to  that  reported 
in  the  literature    ,  with  nickel  being  the  most  poorly  re- 
moved with  an  efficiency  of  only  10  percent  and  copper  being 
the  most  efficiently  removed  at  an  efficiency  of  near  90 
percent. 


Table  19 
REMOVAL  OF  HEAVY  METALS  IN  WATERLOO  STP 


Removal  (Percent)  Based  on 


Metal 

Ari 

.thmetic 
4.4 

Mean 

Geometric  Mean 

Cadmium 

6.8 

Chromium 

45.0 

41.5 

Copper 

88.3 

87.7 

Nickel 

9.5 

8.5 

Lead 

67.2 

58.1 

Zinc 

46.4 

44.5 

3.2.3      Trace  Organics 

3.2.3.1    Phenolics 

The  probability  distributions  of  influent  and  effluent  total 
phenolics  concentrations  are  presented  in  Figure  27.   The 
geometric  mean  influent  concentration  was  16.2  ug/L,  (arith- 
metic mean  20.7  ug/L,  RSD  =  59.9  percent)  compared  to  a 
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geometric  mean  effluent  concentration  of  2.7  ug/L  (arith- 
metic mean  3.3  ug/L,  RSD  =  60.6  percent).   Average  removal, 
based  on  the  geometric  mean  was  84  percent. 

The  chronological  data  trend  is  illustrated  in  Figure  28. 
There  was  a  slight,  but  statistically  significant,  diurnal 
variation  in  the  raw  wastewater  sequence  based  on  the  auto- 
correlation function.   No  such  diurnal  trend  was  apparent  in 
the  effluent  sequence. 

3.2.3.2    Volatile  Organics 

Table  20  summarizes  the  frequency  of  detection  (FOD)  of  sel- 
ected chlorinated  and  non-chlorinated  organics  in  raw  sew- 
ages and  effluents  from  the  Waterloo  STP.   Of  the  twenty-one 
volatile  organic  compounds  included  in  the  GC  scan,  ten  were 
present  in  the  influent  wastewater  at  a  concentration  in  ex- 
cess of  the  method  detection  limit  (MDL)  more  than  50  per- 
cent of  the  time.   Of  these  ten,  five  were  aromatic  hydro- 
carbons (benzene,  toluene,  xylene  isomers  and  ethylbenzene) . 
The  remainder  were  chlorinated  compounds  (dichloromethane , 
chloroform,  1 , 1 , 1-trichloroethane ,  trichloroethylene  and 
1, 4-dichlorobenzene) .   Dichloromethane  was  identified  in  all 
influent  and  effluent  samples  (FOD  =  100%)  and  in  travel 
blanks.   Its  consistent  presence  is  considered  to  represent 
laboratory  contamination.   There  were  no  other  volatile  con- 
taminants identified  at  an  FOD  greater  than  50  percent  in 
effluent  samples.   Three  chlorinated  compounds  (chloroform, 
1, 1, 1-trichloroethane  and  1 , 4-dichlorobenzene)  were  present 
more  than  20  percent  of  the  time.   All  of  the  aromatic  hy- 
drocarbons which  had  been  frequently  identified  in  the  raw 
wastewater  were  quantified  in  less  than  10  percent  of  the 
effluent  samples. 

Probability  distributions  for  volatile  organics  commonly 
found  in  the  Waterloo  STP  influents  and  effluents  are  pre- 
sented in  Figure  29  (benzene) ,  Figure  30  (toluene) ,  Figure 
31  (p  &  m-xylene) ,  Figure  32  (chloroform).  Figure  33  (1,4- 
dichlorobenzene) ,  Figure  34  ( 1 , 1 , 1-trichloroethane)  and 
Figure  35  (trichloroethylene) .   Statistics  characterizing 
these  distributions  are  summarized  in  Table  21.   In  these 
calculations,  concentrations  reported  as  'trace'  were 
assigned  a  value  equal  to  the  MDL  and  concentrations  re- 
ported as  'not  detected'  were  assigned  a  value  equal  to 
MDL/ 2.   Chronological  plots  for  these  compounds  are  shown  in 
Figures  36  to  42.   Because  of  the  relatively  low  FOD  in 
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Table  20 

FREQUENCY  OF  DETECTION  OF  VOLATILE  ORGANIC 

CONTAMINANTS  AT  WATERLOO  STP 


Compound 

uq/L 
1.0 

Influent 

Effluent 

Dichlorome thane 

100 

100 

Chloroform 

1.0 

88 

30 

1 , 2-dichloroethylene 

1.0 

0 

0 

1,1, 1-trichloroethane 

1.0 

57 

20 

Benzene 

0.5 

94 

1 

Carbon  tetrachloride 

1.0 

0 

0 

Bromodichlorome thane 

1.0 

0 

0 

Trichloroethylene 

1.0 

65 

3 

1,1, 2-trichloroethane 

1.0 

1 

0 

Toluene 

0.5 

92 

4 

Dibromochlorome thane 

1.0 

0 

0 

Tetrachloroethylene 

1.0 

41 

0 

Chlorobenzene 

0.5 

3 

0 

Ethylbenzene 

0.5 

76 

4 

p  &  m-xylene 

0.5 

98 

8 

Bromoform 

1.0 

0 

0 

o-xylene 

0.5 

92 

4 

1,1,2, 2-tetrachloroethane 

1.0 

2 

0 

1 , 3-dichlorobenzene 

1.0 

3 

0 

1 , 4-dichlorobenzene 

1.0 

55 

22 

1 , 2-dichlorobenzene 

1.0 

27 

13 

*  At  concentrations  above  the  MDL. 
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FIGURE  28:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TOTAL 
PHENOLS   AT  WATERLOO  WPCP 
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FIGURE  36:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  BENZENE 
AT  WATERLOO  WPCP 
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FIGURE  37:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TOLUENE 
AT  WATERLOO    WPCP 
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FIGURE  38:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  XYLENE 
AT  WATERLOO  WPCP 
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FIGURE  39:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  CHLOROFORM 
AT  WATERLOO  WPCP 
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FIGURE  40:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
1.4  -  DICHLOROBENZENE  AT  WATERLOO  WPCP 
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FIGURE  41:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
1,1,1  -  TRICHLOROETHANE  AT  WATERLOO  WPCP 
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FIGURE  42:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
TRICHLOROETHYLENE  AT  WATERLOO  WPCP 


effluents  for  all  of  these  compounds,  effluent  sequences  in 
general  show  no  identifiable  pattern.   The  raw  sewage  benzene 
concentration  sequence  (Figure  36)  showed  several  peaks  to 
concentrations  of  between  5  to  10  ug/L;  however,  there  was 
no  significant  diurnal  trend  in  the  influent  sequence.   The 
other  aromatic  hydrocarbons,  toluene  (Figure  37)  and  xylene 

(Figure  38) ,  showed  similar  non-diurnal  influent  variability 
with  little  effluent  response.   There  was  a  slight  but  signi- 
ficant diurnal  pattern  in  the  influent  chloroform  concentra- 
tion (Figure  39) ,  but  the  remaining  chlorinated  volatiles 

(Figures  40,  41  and  42)  showed  no  significant  diurnal  trends. 

Removal  of  aromatic  hydrocarbons  was  virtually  complete  as 
less  than  10  percent  of  effluent  samples  contained  detectable 
concentrations.   Removal  of  chlorinated  organics  ranged  from 
about  50  percent  for  1 , 1 , 1-trichloroethane  to  about  80  per- 
cent for  chloroform  as  summarized  in  Table  22. 


Table  22 
REMOVAL  OF  VOLATILE  ORGANICS  AT  WATERLOO  STP 


ComDOund 


Benzene 

Toluene 

p  &  m-xylene 

Chloroform 

1,1, 1-trichloroethane 

1 , 4-dichlorobenzene 

Trichloroethylene 


Removal 

(Percen 

t) 

Based  on 

Arithmetic 

Geometric 

Mean 

Mean 

82 

79 

94 

91 

99 

90 

81 

71 

50 

45 

69 

53 

70 

60 

3.2.3,3    PAHs 

Table  23  summarizes  the  frequency  of  detection  of  selected 
PAHs  from  raw  wastewaters  and  final  effluents  from  the 
Waterloo  STP. 

The  most  commonly  identified  PAH  in  the  raw  wastewater,  based 
on  HPLC  methodology,  was  fluorene;  however,  confirmatory 
analysis  by  GC/MS  showed  that  the  HPLC  identification  was  a 
false  positive.   Of  the  other  PAHs,  phenanthrene ,  fluoran- 
thene  and  pyrene  were  detected  at  trace  levels  or  greater  in 


81 


Table  23 
FREQUENCY  OF  DETECTION  OF  PAHs  AT  WATERLOO  STP 


^reauency  of  Detection  (%) 


Influent 

Effluent 

Compound 

Range 

Range 

> 

MDL* 
1 

>Trace 
1 

(ug/L) 

ND  -  17. 

>  MDL^ 

'  >  Trace 

(ug/L) 

Acenaphthene 

2 

2 

ND 

-  64. 

Acenaphthylene 

7 

7 

ND 

-  33. 

5 

5 

ND 

-  3.5 

Anthracene 

4 

10 

ND 

-  3.6 

19 

25 

ND 

-0.09 

Phenanthrene 

41 

81 

ND 

-  2.6 

86 

97 

ND 

-0.48 

Benzo (a) anthracene 

10 

11 

ND 

-  1.6 

1 

1 

ND 

-  0.67 

Chrysene 

5 

18 

ND 

-  0.6 

3 

3 

ND 

-0.28 

Benzo (b) f luoranthene 

4 

11 

ND 

-  0.3 

3 

5 

ND 

-  0.05 

Benzo (k) f luoranthene 

5 

13 

ND 

-  0.5 

0 

5 

ND 

-  Trace 

Benzo (ghi) pery lene 

1 

1 

ND 

-  0.54 

1 

1 

ND 

-  0.02 

Dibenzo (ah) anthracene 

0 

0 

ND 

0 

0 

ND 

Fluoranthene 

15 

31 

ND 

-  1.1 

4 

0 

ND 

-  0.08 

Fluorene 

81** 

86 

NA 

8 

12 

ND 

-  1.6 

Indeno (1,2,3-cd) pyrene 

6 

6 

ND 

-  1.3 

1 

1 

ND 

-  0.14 

Naphthalene 

14 

17 

ND 

-  8.4 

5 

5 

ND 

-  0.53 

Pyrene 

9 

23 

ND 

-  0.9 

4 

5 

ND 

-0.09 

Benzo (a) pyrene 

7 

13 

ND 

-  0.55 

1 

3 

ND 

-  0.03 

*MDL  varied  from  sample-to-sample  depending  on  extraction  volume 

and  sample  type  but  general  was  in  the  range  0.05  yg/L  to  0.5  ug/L. 
**GC/MS  data  indicate  false  identification. 


more  than  20  percent  of  raw  wastewater  samples.   In  the 
effluent  samples,  only  anthracene  (25  percent)  and  phenan- 
threne (97  percent)  were  detected  at  trace  levels  or  higher 
in  more  than  20  percent  of  samples.   The  greater  frequency 
of  detection  in  effluent  samples  relates  to  the  lower  MDL 
achievable  in  these  samples  as  compared  to  the  raw  wastewater 
samples.   The  frequency  distribution  for  phenanthrene,  the 
only  PAH  identified  with  any  consistency  in  both  influent 
and  effluent  samples,  is  presented  in  Figure  43.   The  geome- 
tric mean  influent  concentration  was  0.25  ug/L,  compared  to 
a  geometric  mean  effluent  concentration  of  0.08  ug/L,  sug- 
gesting a  removal  efficiency  of  approximately  70  percent. 

Recovery  of  the  surrogate,  terphenyl,  from  raw  wastewaters 
and  final  effluents  in  the  continuous  flow  extractors  was 
relatively  low.   The  average  recovery  in  the  raw  wastewater 

was  27.4  percent  (ilO.1%).   Recovery  was  similar  in  effluent 

82 
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samples,  averaging  33.0  percent  (+10.3%).   The  reported  PAH 
concentrations  have  not  been  corrected  for  analytical 
recovery. 


3.3       Variability  of  Trace  Contaminant  Concentrations 

The  relative  variability  of  influent  and  effluent  concentra- 
tions of  selected  conventional  contaminants,  metals  and 
trace  organics  is  summarized  in  Table  24,  where  variability 
is  reported  both  as  the  relative  standard  deviation  (RSD, 
percent)  and  as  the  ratio  of  the  95th  percentile  concentra- 
tion to  the  geometric  mean. 

FOC  and  TSS  concentrations  showed  higher  variability  in  the 
influent  than  in  the  effluent,  indicating  that  the  treatment 
facility  produced  a  high  degree  of  attenuation  of  the  con- 
centration of  these  contaminants.   The  opposite  effect  is 
apparent  for  total  and  filtered  phosphorus;  however,  the 
interruption  in  chemical  feed  for  phosphorus  removal  during 
the  sampling  period  undoubtedly  affected  these  data  by  sig- 
nificantly increasing  the  effluent  variability.   For  the 
metal  species,  the  influent-to-effluent  RSD  ratios  for  cad- 
mium and  lead  suggest  that  the  effluent  was  more  variable 
than  the  influent;  however,  effluent  concentrations  for  these 
contaminants  were  consistently  near  or  at  the  detection  limit 
which  will  impact  on  the  validity  of  the  effluent  data  anal- 
ysis.  The  other  metal  species  (chromium,  copper,  nickel  and 
zinc) ,  had  influent-to-effluent  variability  ratios  greater 
than  one  but  considerably  lower  than  the  ratios  for  the  con- 
ventional contaminants  FOC  and  TSS.   This  suggests  that  there 
was  a  lesser  degree  of  attenuation  of  these  metals  than  was 
experienced  for  the  conventional  contaminants. 

For  the  trace  organics  identified  frequently  in  influents 
and  effluents,  the  variability  of  the  individual  contaminant 
data  in  effluent  samples  was  influenced  by  the  generally  low 
FOD  of  most  contaminants.   The  data  indicate  that  the  degree 
of  attenuation  varied  considerably  between  organic  com- 
pounds.  It  also  suggests  that  the  extent  of  attenuation  was 
generally  higher  for  trace  organics  than  for  metals  or  con- 
ventional contaminants.   A  noteworthy  exception  appears  to 
be  total  phenols  which  had  essentially  the  same  variability 
in  influent  and  effluent  samples. 


(KIR21 7273) 
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To  more  rigorously  compare  the  variability  of  the  conven- 
tional compounds,  metals  and  organics,  the  normalized  vari- 
ance of  each  group  of  compounds  in  influents  and  effluents 
was  calculated  (by  dividing  each  individual  concentration  by 
the  mean  value  for  that  particular  contaminant  in  that 
stream)  and  statistically  compared  by  an  F-test.   The  nor- 
malized variances  are  presented  in  Table  25.   Analysis  of 
these  data  showed  that  for  all  classes  of  contaminants, 
effluent  concentrations  were  significantly  less  variable 
than  influent  concentrations,  although  the  difference  for 
metal  species  at  the  Waterloo  STP  was  marginal.   Organics 
showed  by  far  the  greatest  variability  in  influents,  but 
metal  contaminants  were  less  variable  at  Waterloo  than  the 
conventional  contaminants.   Similarly,  organic  contaminants 
exhibited  the  highest  degree  of  effluent  variability.   Con- 
ventional contaminants  had  the  lowest  degree  of  variability 
in  the  effluent  despite  the  unusually  high  variability  of 
phosphorus  species  related  to  the  ferrous  chloride  feed 
interruption. 


Table  25 

COMPARISON  OF  INFLUENT  AND  EFFLUENT  VARIABILITY 

AT  WATERLOO  STP 


Normalized  Variance 


Influent 

0 

.478 

0 

.350 

6 

.452 

Effluent 

0, 

.174 

0 

.315 

0, 

.519 

Contaminant  Group 

Conventional s* 

Metals** 

Organics*** 


*  Conventionals  includes  FOC ,  TSS,  TP ,  Filt.  P 

*  Metals  includes  Cd ,  Cr ,  Cu,  Ni,  Pb ,  Zn 

*  Organics  includes  total  phenols,  benzene,  chloroform, 
1 , 1 , 1-trichloroethane,  toluene,  p&m-xylene, 

1  ,  4-dichlorobenzene ,  trichloroethylene  and  phenanthrene 
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The  criterion  which  was  established  at  project  initiation  to 
determine  that  a  contaminant  exhibited  a  significant  degree 
of  variability  was  based  on  the  95th  percentile  concentra- 
tion exceeding  the  geometric  mean  by  a  factor  of  2.0.   Based 
on  this  criterion,  both  FOC  and  TSS  exhibited  significant 
variability  in  the  influent  but  neither  were  significantly 
variable  in  the  Waterloo  STP  effluent.   Of  the  metal 
species,  four  (chromium,  copper,  lead  and  zinc)  exhibited 
significant  variability  in  the  influent  to  the  Waterloo  STP 
but  only  three  (chromium,  lead  and  zinc)  exceeded  the  vari- 
ability criterion  in  the  Waterloo  STP  effluent.   All  of  the 
organic  species  summarized  in  Table  24  exceeded  the  varia- 
bility criterion  in  the  influent  to  the  Waterloo  STP.   In 
the  effluent,  only  phenols,  chloroform,  1 , 1 , 1-trichloroe- 
thane,  p&m-xylene  and  phenanthrene  met  the  criterion. 


3.  4       Toxicity  of  Influents  and  Effluents 

The  results  of  the  48-hour  Daphnia  and  96-hour  rainbow  trout 
static  acute  toxicity  bioassays  performed  on  the  Waterloo 
STP  raw  influent,  unchlorinated  secondary  and  final  chlorin- 
ated effluents  are  shown  in  Table  26.   Mortality  generally 
occurred  within  the  first  24  hours  of  the  testing  period. 

In  all  samples,  temperature  and  dissolved  oxygen  levels  re- 
mained stable  throughout  the  exposure  time  at  15±1°C  and 
above  8  mg/L  respectively,  while  the  pH  values  increased 
slightly  in  all  samples. 

The  chemical  characteristics  of  the  initial  parameters  of 
the  effluents  tested  appears  in  Table  27.   The  low  oxygen 
levels  were  elevated  to  the  reported  test  concentrations 
after  agitation  resulting  from  mixing  dilution  water  with 
the  test  solution. 

3.4.1     Species  Sensitivity 

Four  influent  samples  were  tested  with  both  Daphnia  and 
rainbow  trout.   Daphnia  showed  greater  sensitivity  than 
trout  with  only  one  sample  (04  July,  high  load),  and  trout 
were  more  sensitive  than  Daphnia  with  two  samples  (06  July, 
high  load  and  low  load) .   The  fourth  sample  was  non-lethal 
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to  both  organisms.   Although  the  data  are  limited,  there  was 
no  clear  relationship  between  the  sensitivities  of  the  two 
organisms . 

3.4.2  Waste  Loading  and  Treatment 

Four  of  the  five  influent  samples  tested  during  'high  load' 
conditions  were  lethal  to  Daphnia  compared  to  only  one  out 
of  five  influent  samples  tested  during  'low'  load  indicating 
that  influent  was  more  toxic  during  high  loadings  to  the 
plant.   Non-chlorinated  and  chlorinated  secondary  treated 
effluent  was  essentially  non-lethal  and  did  not  require  any 
detoxification.   Secondary  treatment  of  toxic  influent  ren- 
dered the  wastewater  non-lethal. 

3.4.3  Ammonia 

The  most  obvious  compound  likely  to  produce  toxicity  was 
ammonia.   However,  influent  concentrations  were  not  mea- 
sured, since  the  focus  at  this  stage  of  program  development 
was  on  the  toxicity  of  the  discharged  effluent  and  the 
incremental  toxicity  expressed  after  chlorination.   As  was 
seen  in  Table  26,  the  effluent  samples  were  non-lethal 
before  and  after  chlorination  to  both  Daphnia  and  trout. 

Ammonia  concentrations  have  been  expressed  in  the  un-ionized 
(NH3),  more  toxic  form  derived  from  the  total  ammonia  con- 
centrations and  the  pH  conditions  of  the  tests.   Rainbow 
trout  96-hour  LCSO's  have  been  reported  in  the  literature  to 
range  from  0.2  to  0.8  mg  un-ioni'zed  ammonia/L,  depending  on 
pH  testing  conditions.   Daphnia  magna  tend  to  be  much  more 
tolerant  of  un-ionized  ammonia,  with  48-hour  LC50's  reported 
between  2  to  3  mg/L     .   Review  of  the  un-ionized  ammonia 
in  the  effluent  indicates  that  none  of  the  ammonia  levels 
exceeded  documented  lethal  concentrations  for  rainbow  trout 
or  Daphnia. 

3.4.4  Chlorine 


The  second  most  obvious  toxicant  measured  is  chlorine.   How- 
ever, since  no  lethality  was  observed,  there  was  clearly  in- 
sufficient TRC  present  or  available  for  the  duration  of  ex- 
posure to  be  lethal. 
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Arthur  et.  a_l      clearly  identified  the  greater  sensitivity 
of  fish  (brook  trout,  coho  salmon,  fathead,  sucker,  walleye) 
to  chlorinated  sewage  effluent  than  invertebrates  (gammarus, 
stonefly,  caddisfly,  crayfish,  snails).   The  7-day  LC50 
values  for  fish  ranged  from  0.08  to  0.26  mg  TRC/L,  and  for 
invertebrates  from  0.2  to  greater  than  0 . 8  mg  TRC/L.   Larson 
et  al      identified  that  trout  (coho  salmon,  brook  trout, 
cutthroat  trout)  may  live  indefinitely  at  TRC  concentrations 
near  0.05  mg/L. 

Review  of  the  TRC  measurements  of  chlorinated  effluent  indi- 
cates that  none  of  the  levels  exceeded  the  range  of  docu- 
mented lethal  values,  although  some  were  close  (02,  05,  09, 
10  July,  'high  load';  04,  09,  10  July  'lew  load'). 

3.4.5      Other  Contaminants 

A  brief  summary  of  toxic  levels  of  contaminants  monitored  as 
part  of  the  parallel  analytical  program  to  trout  and  Daphnia 
was  prepared  and  is  presented  in  Table  28.   The  concentra- 
tions of  these  contaminants  in  the  Waterloo  STP  samples  are 
siimmarized  in  Table  29  and  Table  30  for  inorganics  and  orga- 
nics,  respectively. 


3 .5       Prediction  of  Waterloo  STP  Influent  Quality 

3.5.1     Description  of  HAZPRED  Model 

HAZPRED  is  an  interactive,  microcomputer-based  model  capable 
of  predicting  the  concentrations  of  hazardous  contaminant 
concentrations  in  sewage  collection  systems     .   The  model 
has  a  number  of  levels  of  sophistication  which  can  be  sel- 
ected depending  on  the  objective  of  the  prediction. 

The  first  version  of  HAZPRED  was  developed  in  1984  and  was 
designed  to  predict  the  nature,  concentration  and  loading  of 
HCs  in  dry  weather  sanitary  sewage  flow  only.   This  Phase  I 
program  allowed  the  user  to  evaluate  a  particular  catchment 
at  either  of  two  levels  of  sophistication.   Both  model  lev- 
els used  the  same  basic  approach,  in  that  wastewater  quan- 
tities and  HC  concentrations  were  predicted  from  the  summed 
concentrations  of  the  following  wastewater  components: 
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Table  28 

DOCUMENTED  TOXIC  CONCENTRATIONS  (ug/L)  ZT   VARIOUS 

METALS  AND  ORGANICs'  TO  FISH  AND  INVEPTEBRATES 


Blue  Book    Rairj:cw  Trout 
Maximum  L-zO  s 


Inorganics 
_,(17,18) 


.(19) 
(17) 


Ni^^°' 
^^(17,21) 

Phosphorus 


0.2 

lOC-2,000 

65 

10 

3,40C-65,500 

435-58,700 

5 

2C-102 

80-85 

25 

32,000 

510-1,120 

5-25 

l,0C:-6,500 

450 

30 

135-7,210 

100-280 

10-20 

Organics 


(22) 


Chloroform 


(27) 


(23) 


1 , 4-Dichlorobenzene 

Ethylbenzene 

Phenols 

(26,28) 
Tetrachloroethylene 

(22, 24)"^ 
Toluene 

(28) 
1,1, 1-Trichloroethane 

Trichloroethylene 
V    ^         '22) 
Xylene 


50* 

9,200 

23,900-36,500 

1,12C-1,200 

11,000 

.,400* 

14,000 

1 

13,400-20,300 

17,700 

500* 

24,000 
42,300-52,900 

313 

42,300-52,900 

85,200 

100* 

8,200-13,500 

^Tentative   PWQO  values   under   consideration  by  MOE 


Residential   wastewater 

Commercial   wastewater 

Industrial    process    and    sanitary   wastewater 

Industrial    cooling   water 

Dry   weather    infiltration 

Level    I  methodology   used    total    industrial   water-use   data    and 

applied  a   constant    factor    to   estimate    industrial   wastewater 

flows.  In   the    Level    I    procedures,    no   distinction   was   made 

between  industrial    cooling   waters    and    process    wastewaters. 
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Level  II  methodology  incorporated  refinements  to  the  predic- 
tion of  industrial  wastewater  quantity  by  regarding  cooling 
water  and  process  water  separately.   This  enabled  prediction 
of  the  wastewater  characteristics  of  individual  industrial 
groups  as  defined  by  their  Standard  Industrial  Classifica- 
tion (SIC)  code. 

Phase  II  development  of  the  HAZPRED  Model  included  the  capa- 
bility to  predict  the  presence,  concentration  and  loading  of 
HCs  in  wet  weather  flows,  specifically  stormwater  runoff  and 
combined  sewer  overflow.   These  enhancements  to  the  Phase  I 
program  were  completed  in  November,  1985.   The  enhancements 
made  to  HAZPRED  allowed  the  program  to  be  used  as  an  impact 
assessment  tool  for  both  separate  and  combined  sewer  areas. 

3.5.2     Application  of  HAZPRED  to  Waterloo  STP  Influent 

The  dry  weather  flow  component  of  HAZPRED  Phase  II  was  util- 
ized to  predict  the  concentrations  of  selected  trace  contam- 
inants in  the  influent  to  the  Waterloo  STP.   The  industrial 
contributions  were  based  on  data  provided  by  the  Regional 
Municipality  of  Waterloo  and  summarized  in  Table  4.   Commer- 
cial and  residential  water  consumption  records  from  the 
local  utility  were  used  to  define  these  components  of  the 
STP  influent.   From  the  flow,  industrial  SIC  and  the  indus- 
trial/commercial/residential wastewater  characterization 
data  contained  in  HAZPRED,  concentrations  of  heavy  metals 
including  cadmium,  chromium,  copper,  lead,  nickel  and  zinc 
were  predicted.   For  organics,  only  the  concentration  of 
compounds  found  at  a  high  frequency  in  the  raw  wastewater 
were  predicted.   This  list  was  limited  to  chloroform,  tol- 
uene, benzene  and  trichloroethylene.   Data  for  xylene  iso- 
mers, 1, 4-dichlorobenzene  and  1 , 1 , 1-trichloroethane  which 
were  also  detected  frequently  in  the  Waterloo  influent,  were 
not  contained  in  HAZPRED. 

Table  31  compares  the  predicted  and  observed  geometric  mean 
concentrations  for  the  selected  compounds,  along  with  the 
logarithmic  ratio  of  the  values.   With  the  exception  of 
zinc,  the  observed  concentration  was  within  an  order-of- 
magnitude  (ratio  <  +  1.0)  of  the  predicted  value.   HAZPRED 
predicted  very  high  influent  zinc  concentrations  (2.1  mg/L) , 
possibly  due  to  the  significant  metal  finishing  contribution 
to  the  Waterloo  influent.   The  lower  than  predicted  value 
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probably  indicates  that  a  significant  degree  of  pretreatraent 
is  practiced  by  the  tributary  industries,  at  least  in  terms 
of  zinc  discharges. 


Table  31 

COMPARISON  OF  PREDICTED  AND  OBSERVED  INFLUENT 

CONCENTRATIONS  AT  WATERLOO  STP 


Concentration 

(ug/L) 

Log 

Contaminant 

Observed 
2.8 

P_ 

redicted 
4.31 

Ratio 

Chloroform 

-0.19 

Toluene 

3.4 

8.71 

-0.41 

Benzene 

1.4 

1.91 

-0.13 

Trichloroethylene 

1.3 

5.01 

-0.59 

Cadmium 

4.4 

3.58 

0.09 

Chromium 

46.7 

96.09 

-0.31 

Copper 

110 

54.33 

0.31 

Lead 

13.6 

89.01 

-0.82 

Nickel 

26 

16.75 

0.19 

Zinc 

135 

2126.82 

-1.20 

The  HAZPRED  model  underestimated  the  total  flow  to  the 
Waterloo  STP  based  on  the  input  data.   The  predicted  flow 
was  approximately  32,718  m^/d  compared  to  a  measured  average 
flow  of  39,350  m3/d  during  the  sampling  period.   HAZPRED 
also  predicted  a  high  extraneous  flow  component,  9840  m^/d. 
Based  on  the  lower  flows  and  the  generally  higher  concentra- 
tions predicted  by  the  HAZPRED,  the  contaminant  loadings 
predicted  by  HAZPRED  for  contaminants  in  Table  31  would  be 
in  closer  agreement  with  the  actual  loadings  at  the  Waterloo 
STP  than  the  observed  and  predicted  concentrations. 
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4.0        WELLAND  STP  RESULTS 


4. 1       Plant  Operation  and  Performance 

During  the  intensive  sampling  period  at  the  Welland  STP 
(August  19  to  August  27) ,  operating  conditions  and  perfor- 
mance were  representative  of  typical  historic  plant  condi- 
tions.  The  only  unusual  occurrences  were  abnormally  high 
flow  meter  readings  from  about  02:00  hr  until  10:00  hr  on 
August  22  which  were  caused  by  partial  blockage  of  the  bar 
screens,  creating  submergence  in  the  throat  of  the  flume. 
For  the  purposes  of  data  analysis,  flow  rates  for  this  per- 
iod were  calculated  as  the  average  value  of  flows  on  week- 
days (Monday  to  Friday)  without  significant  precipitation. 
On  August  25  commencing  at  about  16:00  hr,  there  appeared  to 
be  a  discharge  of  industrial  waste  to  the  plant  from  an  un- 
identified source.   The  raw  wastewater  had  an  elevated  pH 
(10.3)  and  was  orange-coloured.   High  phosphorus  concentra- 
tions were  evident  during  this  period  (refer  to  Section 
4.2.1)  and  foaming  occurred  on  the  pre-aeration  tanks.   The 
industrial  discharge  was  apparent  until  about  21:00  hours  on 
August  25. 

Plant  flow  and  influent  and  effluent  quality  data  for  the 
period  August  18  to  August  31  encompassing  the  intensive 
sampling  period  are  summarized  in  Table  32.   These  data  are 
comparative  to  long-term  performance  data  for  the  Welland 
facility  (Table  7) , 


Table  32 

WELLAND  STP  PERFORMANCE 

(August  19  -  August  31,  1986) 

Average  Daily  Flow  (m^/d)      33,541 

Influent  Quality 

BOD   (mg/L)  126 

TSS  (mg/L)  166 

TP  (mg/L)  2.6 

Effluent  Quality 

BOD   (mg/L)  14 

TSS  (mg/L)  9 

TP  (mg/L)  0.69 
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Average  daily  flow  during  this  two  week  period  was  slightly 
lower  than  the  annual  average,  33,541  m^/d  compared  to 
37,960  m^/d,  but  typical  of  dry  weather  conditions.   Four 
rainfall  events  occurred  during  this  time  period.   Influent 
TSS  concentrations  were  typical  of  the  long-term  average. 
The  influent  BOD   concentration  was  higher  than  normally 
observed  and  influent  TP  concentrations  were  lower;  however, 
both  of  these  estimates  were  based  on  only  one  sample  during 
the  time  period.   Effluent  quality  compared  well  with  the 
long-term  average  in  terms  of  BOD  ,  TSS  and  TP  concentra- 
tions . 

Average  operating  conditions  for  this  two  week  period  are 
summarized  in  Table  33  based  on  plant  operating  data.   These 
are  also  typical  of  long-term  conditions  (Table  8) ,  although 
the  estimated  SRT  was  considerably  shorter  than  the  SRT 
measured  during  this  monitoring  program.   Based  on  mixed 
liquor  and  waste  sludge  samples  collected  during  the  inten- 
sive monitoring  period,  the  plant  operated  at  an  average  SRT 
of  7.7  days. 


Table  33 

AVERAGE  OPERATING  CONDITIONS  AT  WELLAND  STP 

(August  19  -  August  31,  1986) 

MLSS  (mg/L)  2070 

F/M  (kg/kg  MLSS.d)  0.25 

D.O.  Range  0.6  -  2.0 

SVI  (Avg.)  206 


4 . 2       Intensive  Sampling  Program  Results 

4.2.1      Conventional  Contaminants 

A  probability  distribution  of  Welland  STP  raw  sewage  flow 
data  during  the  sampling  period  is  presented  in  Figure  44, 
based  on  total  plant  flow  recorded  at  2-hour  intervals  from 
August  19  to  August  27.   Geometric  mean  flow  during  this 
period  was  30,570  m^/d  and  flow  followed  a  typical  diurnal 
pattern  as  shown  in  Figure  45.   Very  high  plant  flows  (at  or 
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exceeding  100,000  m^/d)  were  recorded  on  August  21  and 
August  26,  corresponding  to  periods  of  precipitation.   Higher 
than  average  flows  were  also  experienced  on  August  22  and 
August  23,  which  also  corresponded  to  rainfall  events. 

Probability  distributions  for  influent  and  effluent  FOC ,  in- 
fluent TKN  and  effluent  NH  -N,  influent  and  effluent  TSS  and 
influent  and  effluent  total  and  filtered  phosphorus   are 
presented  in  Figures  46  to  50,  respectively.   Key  statis- 
tical data  for  these  conventional  contaminants  are  summar- 
ized in  Table  34.   The  intensive  plant  sampling  data  suggest 
better  plant  performance  in  terms  of  effluent  BOD   and  TSS 
concentrations  than  plant  data  which  were  based  on 
manually-collected  16  hour  non-flow  proportioned  composite 
samples.   The  data  also  indicate  that  a  significant  amount 
of  nitrification  was  occurring  at  the  plant,  with  effluent 
ammonia  concentrations  of  4.0  mg/L  compared  to  influent  con- 
centrations of  TKN  which  averaged  21.4  mg/L. 

Chronological  plots  of  FOC  concentrations  in  the  influent 
and  effluent  (Figure  51)  and  TSS  concentrations  (Figure  52) 
show  that  the  influent  strength  followed  a  typical  diurnal 
pattern.   However,  both  the  FOC  and  TSS  concentrations  in 
the  raw  wastewater  exhibited  periodic  high  levels  (FOCs 
approaching  100  mg/L  and  TSS  exceeding  250  mg/L)  which  were 
not  correlated  to  each  other  or  to  high  flow  events  related 
to  periods  of  precipitation.   There  was  no  apparent  diurnal 
pattern  in  the  effluent  FOC  concentrations  as  it  appeared 
that  removal  of  organics  was  virtually  complete  under  all 
conditions  and  there  was  little  variability  in  the  effluent 
FOC  concentrations  (RSD  =  11.0  percent).   Effluent  TSS  con- 
centrations (3.8  mg/L  ±1.8  mg/L)  were  at  near  detection 
limits.   At  these  concentrations,  the  resolution  of  the  ana- 
lytical method  (+1  mg/L)  was  such  that  no  discernible  pat- 
tern could  be  identified.   On  two  occasions,  higher  concen- 
trations (>10  mg/L)  were  observed  which  were  directly  re- 
lated to  high  flow  (>  100,000  m^/d)  events.   Influent  total 
and  filtered  phosphorus  concentrations  (Figures  53  and  54, 
respectively)  also  showed  a  significant  diurnal  trend,  but, 
in  both  cases,  rainfall  events  on  August  21,  August  23  and 
August  26  were  apparent  in  terms  of  a  dilution  effect  on  the 
raw  sewage  concentrations.   There  was  no  significant  diurnal 
pattern  in  the  effluent  concentrations  of  either  total  or 
filtered  phosphorus.   An  elevated  concentration  of  both  total 
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FIGURE  51:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  FOG 
AT  WELLAND  WPCP 
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FIGURE  52:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TSS 
AT  WELLAND  WPCP 
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FIGURE  53:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  P 
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and  soluble  phosphorus  concentrations  occurred  on  August  25 
at  approximately  24:00  hours.   This  high  concentration  was 
not  correlated  to  high  flow  or  to  high  effluent  TSS  concen- 
trations but  occurred  at  the  same  time  as  the  discharge  of 
industrial  waste  to  the  plant  referred  to  in  Section  4.1. 
Influent  phosphorus  levels  were  not  significantly  elevated, 
but  the  unidentified  industrial  waste  may  have  been  a  factor 
contributing  to  the  higher  effluent  concentrations. 

4.2.2      Metals 

Probability  distributions  of  influent  and  effluent  concen- 
trations of  cadmium,  chromium,  copper,  nickel,  lead  and  zinc 
are  presented  in  Figures  55  to  60,  respectively.   Key  sta- 
tistics describing  these  distributions  are  summarized  in 
Table  35.   As  was  the  case  at  the  Waterloo  STP ,  copper  and 
zinc  were  present  in  the  raw  wastewater  at  higher  concentra- 
tions than  the  other  metals;  however,  the  concentrations  of 
all  metals  were  lower,  on  an  average  basis,  at  Welland  than 
at  Waterloo  despite  the  higher  industrial  load  on  the  col- 
lection system.   Effluent  concentrations  of  all  metals  were 
also  lower  at  Welland  than  at  Waterloo.   As  noted  in  Section 
3,  the  apparent  paucity  of  data  for  some  contaminants  in 
these  probability  distributions  reflects  the  number  of  dis- 
crete concentration  values  identified. 

Chronological  plots  of  influent  and  effluent  metal  concen- 
trations are  presented  in  Figures  61  to  66.   Influent  and 
effluent  concentrations  of  cadmium  (Figure  61)  were  general- 
ly in  the  range  from  1  yg/L  to  5  ug/L  and  the  resolution  of 
the  analytical  method  was  +1  ug/L.   Thus,  no  discernible 
patterns  or  effects  could  be  identified. 

Influent  chromium  concentrations  showed  significant  vari- 
ability (RSD  =  56  percent  )  with  occasional  peak  concentra- 
tions exceeding  30  ug/L  (Figure  62) .   There  was  no  signifi- 
cant diurnal  trend  in  the  influent  concentration  sequence. 
Effluent  concentrations  averaged  less  than  10  ug/L.   The 
lack  of  resolution  of  the  analytical  method  at  these  concen- 
trations (±1  ug/L)  is  evident  in  the  effluent  concentration 
sequence.   No  significant  diurnal  trend  was  apparent  but 
there  was  a  correlation  between  influent  and  effluent  con- 
centrations at  the  Welland  STP. 

Raw  sewage  copper  concentrations  showed  a  significant  diur- 
nal variation  (Figure  63)  but  this  pattern  was  not  apparent 
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FIGURE  61:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cd 
AT  WELLAND  WPCP 
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FIGURE  62:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cr 
AT  WELLAND  WPCP 
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FIGURE  63:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cu 
AT  WELLAND  WPCP 
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FIGURE  64:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Ni 
AT  WELLAND  WPCP 


100 
90  - 

ao  - 

70 
60 
SO  -i 

40 
30 


"W 


INFLUENT 


■ipi»iuiW|UijiiiiBi|iiuiiiiiii|iiuiiiiijijmniuiii;iiiii]iiiii|inpMi[.[i]»iiimnNiniii»ipr.nui»;CTiBiiiinuuiiimir ni|Mii«iiiii|iiiijiiiui|»i 

T  2000  W  2000  T  2000  F  2000  S  2000  S  2000  U  2000  T  2000  W 
DATt/nUE  (AUO.  19-27) 


T  2000  W  2000  T  2000   F  2000  S  2000  S  2000  U  2000   T  2000  W 
DATE/nUE  (AUO.  19-27) 


FIGURE  65:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Pb 
AT  WELLAND  WPCP 
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FIGURE  66:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Zn 
AT  WELLAND  WPCP 


in  the  plant  effluent.   As  with  chromium  and  cadmium,  the 
lack  of  resolution  of  the  analytical  method  at  the  low  efflu- 
ent concentrations  may  have  contributed  to  the  lack  of  iden- 
tifiable effluent  response.   Raw  sewage  nickel  concentrations 
also  exhibited  a  random  variability  with  no  significant  diur- 
nal pattern  (Figure  64) .   Identifying  an  effluent  concentra- 
tion trend  was  again  impeded  by  the  lack  of  analytical  reso- 
lution at  the  low  effluent  levels  at  the  Welland  STP. 

Influent  lead  concentrations  (Figure  65)  were  below  the  de- 
tection limit  (5  ug/L)  more  than  50  percent  of  the  time  and 
effluent  concentrations  were  less  than  the  detection  limit 
more  than  90  percent  of  the  time.   Thus,  there  were  insuffi- 
cient data  in  either  chronological  sequence  to  draw  conclu- 
sions regarding  trends  and  correlations. 

Influent  zinc  concentrations  showed  a  significant  diurnal 
trend  (Figure  66)  ,  but  this  trend  was  not  reproduced  in  the 
effluent  concentration  sequence.   There  was  no  significant 
correlation  between  the  influent  and  effluent  concentra- 
tions . 

Average  removal  efficiencies  for  the  six  metals  discussed 
above  are  summarized  in  Table  36. 


Table  36 

REMOVAL  OF  HEAVY  METALS  AT  WELLAl^D  STP 


Removal  (Percent)  Based  on 

Metal  Arithmetic  Mean  Geometric  Mean 


Cadmium  10.3  11.1 

Chromium  4  3.6  38.9 

Copper  81.5  81.2 

Nickel  11.9  9.7 

Lead  54.1  35.1 

Zinc  69.9  66.3 


The  trend  in  the  removal  data  is  similar  to  that  seen  at  the 
Waterloo  STP  and  in  other  studies    ,  with  copper  demonstra- 
ting the  highest  degree  of  removal  and  nickel  showing  low 
removal  efficiency. 
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Cadmium  removal  was  low  due  to  the  low  influent  and  effluent 
concentrations  measured.   Lead,  zinc  and  chromium  removal 
performance  was  very  similar  to  that  measured  at  the  Waterloo 
STP. 

4.2.3     Trace  Organics 

4.2.3.1  Phenolics 

A  probability  distribution  of  influent  and  effluent  total 
phenolics  concentrations  at  the  Welland  STP  is  presented  in 
Figure  67.   Phenol  removal  efficiency  was  79  percent.   Con- 
centration was  reduced  from  an  influent  geometric  mean  of 
9.7  ug/L  (arithmetic  mean  12.4  ug/L;  RSD  =  66.9  percent)  to 
an  effluent  geometric  mean  of  2.0  ug/L  (arithmetic  mean  2.6 
yg/L;  RSD  =  80.8  percent).   The  chronological  data  trend  is 
illustrated  in  Figure  68.   No  statistically  significant 
diurnal  trend  was  apparent  in  the  data.   Effluent  levels 
were  at  or  below  the  detection  limit  (1  ug/L)  approximately 
36  percent  of  the  time. 

4.2.3.2  Volatile  Organics 

Table  37  summarizes  the  frequency  of  detection  (FDD)  of  sel- 
ected chlorinated  and  non-chlorinated  organics  in  raw 
sewages  and  effluents  from  the  Welland  STP.   Dichloromethane 
was  quantified  at  least  at  trace  levels  in  virtually  all  in- 
fluent and  effluent  samples,  as  was  the  case  during  the 
Waterloo  sampling.   At  Welland,  1 , 1 , 1-trichloroethane  was 
present  in  74  percent  of  influent  and  effluent  samples  at 
concentrations  greater  than  the  MDL  and  in  at  least  85  per- 
cent of  all  samples  at  greater  than  trace  levels.   Similar 
concentrations  of  1 , 1 , 1-trichloroethane  were  detected  in 
travel  blanks  (2.0  ug/L).   Therefore,  the  consistent  pre- 
sence of  dichloromethane  and  1 , 1 , 1-trichloroethane  in  most 
samples  is  considered  to  represent  a  contamination  problem. 

Of  the  remaining  organics,  only  toluene  (68  percent  FOD)  , 
chloroform  (90  percent  FOD)  and  1 , 4-dichlorobenzene  (96  per- 
cent FOD)  were  quantifiable  at  more  than  the  MDL  in  more 
than  50  percent  of  raw  sewage  samples.   These  compounds  were 
also  identified  frequently  in  raw  sewage  samples  at  the 
Waterloo  STP.   Trichloroethylene  (37  percent  FOD),  p  &  m- 
xylene  (43  percent)  and  o-xylene  (48  percent  FOD)  were  the 
only  other  compounds  present  at  more  than  the  MDL  in  more 
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FIGURE  68:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
TOTAL  PHENOL  AT  WELLAND  WPCP 


Table  37 
FREQUENCY  OF  DETECTION  OF  VOLATILE 
ORGANIC  CONTAMINANTS  AT  WELLAND  STP 


MDL 
(ug/L) 

1.0 

Frequency  of 

Compound 

Influent 

Dichloromethane 

98 

Chloroform 

1.0 

90 

1 , 2-dichloroethylene 

1.0 

0 

1,1,  1-trichloroethane 

1.0 

74 

Benzene 

0.5 

9 

Carbon  tetrachloride 

1.0 

0 

Bromodich lor ome thane 

1.0 

1 

Trichloroethylene 

1.0 

37 

1,1, 2-trichloroethane 

1.0 

0 

Toluene 

0.5 

68 

Dibromochlorome thane 

1.0 

0 

Tetrachloroethylene 

1.0 

8 

Chlorobenzene 

0.5 

4 

Ethylbenzene 

0.5 

10 

p  &  m-xylene 

0.5 

43 

Bromoform 

1.0 

0 

o-xylene 

0.5 

48 

1,2,  2-tetrachloroethane 

1.0 

0 

1 , 3-dichlorobenzene 

1.0 

0 

1 , 4-dichlorobenzene 

1.0 

96 

1 , 2-dichlorobenzene 

1.0 

4 

(%) 


Effluent 


*At  concentrations  above  the  MDL. 


0 
74 
1 
0 
0 
0 
0 

1 

0 
0 

1 

0 
9 
0 
1 
0 
0 
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than  twenty  percent  of  raw  sewage  samples.   No  volatile 
organics,  except  dichloromethane  and  1 , 1 , 1-trichloroethane 
as  previously  discussed,  were  identified  in  more  than  10 
percent  of  effluent  samples  at  greater  than  the  MDL. 

Probability  distributions  for  compounds  found  with  a  high 
degree  of  prevalence  in  the  raw  sewage  are  presented  in 
Figures  69  (chloroform),  70  ( trichloroethylene) ,  71  (1,4- 
dichlorobenzene) ,  72  (toluene)  and  73  (p  &  m-xylene) .   Key 
statistics  describing  these  distributions  are  summarized  in 
Table  38.   Chronological  plots  for  these  compounds  are  shown 
in  Figures  74  to  78.   In  all  cases,  little  interpretation  of 
effluent  data  is  possible  because  of  the  low  FOD  of  these 
organic  compounds.   Raw  sewage  data  show  considerably  more 
variability  but  no  measurable  response  in  the  effluent  was 
noted.   Calculated  removal  efficiencies,  are  presented  in 
Table  39.   Because  of  the  low  influent  concentrations  and 
the  near  MDL  concentrations  in  the  effluent,  reported 
removal  efficiencies  at  Welland  were  generally  lower  than 
those  reported  at  Waterloo. 


Table  39 
REMOVAL  OF  VOLATILE  ORGANICS  AT  WELLAND  STP 

Removal  (percent)  Based  On 

Compound Arithmetic  Mean      Geometric  Mean 

79 

60 
>38 

50 

4.2.3.3    PAHs 

As  noted  in  Section  2.3.3,  only  ten  influent  and  effluent 
samples  were  analyzed  for  PAHs  from  the  Welland  plant. 
Table  40  summarizes  the  results  of  these  analyses.   In  gen- 
eral, PAHs  which  were  detected  were  quantified  with  a 
greater  frequency  at  the  Welland  STP  than  at  the  Waterloo 
STP.   However,  concentrations  in  influents  and  effluents 
were  typically  near  MDL  levels. 


132 


Chloroform 

83 

Trichloroethylene 

>23 

1 , 4-dichlorobenzene 

60 

Toluene 

>58 

p,  m-xylene 

69 

(n/Bn)  NailVdiN3GN0D 


(-I/5n)  N0IlVb!iN33N0D 


I-  K 

2  (/5 
UJ 

=)  Q 

-I  Z 

U.  < 

U.  _J 

UJ  _l 
UJ 

Q  2 

z 

<    K 

< 

Z  Z 

UJ  o 

D  M 

_l  H 

U-  < 

z  cc 

M     I- 

z 

U.    UJ 

o  u 

2  i 

o  o 


UJ 

lU 

3 

T 

ll  1 

lU 

M 

jr 

7- 

UJ 

UJ 

CO 

g 

g 

^ 

¥ 

{J 

u 

1-1 

>-l 

a 
1 

a 

5 


Z   2 

UJ   UJ 
3   ID 


D  Z 

CD  UJ 

M  Nl 

cc  Z 

I-  UJ 

cn  03 

M  o 

Q  cc 

o 

>-  _l 

K  X 

M  U 

_)  M 

M  Q 

CD 

<  I 

m 

o  ^ 

^  . 

a.  "H 


(1/Bn)     N0IiVhllN33N0D 


n/Bn)     N0IiVblN33N0a 


(n/Bn)  N0IiVdiN33N0D 


LO         in         c 
— I         C         -< 


t- 

< 

Q 

x:  -u 

cx)  O 

ro  M 

in    u 

Eh 

(T>     U 

^S 

0) 
0. 

X3  H 

(0  2 

Eh   W 

Q 

IX 

o 

U 

T     2000     W     2000     T     2000     r     2000     S     2000     S     2000     U     2000     T     2000     W 


lUTE/nUE  (AUG.   19-27) 


T     2000     W     2000      T 


2000      r     2000     S      2000     S 
OAlt/nUZ  CAUC   19-27) 


2000     U     2000     T     2000     W 


FIGURE  74:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
CHLOROFORM  AT  WELLAND  WPCP 
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FIGURE  75:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
TRICHLOROETHYLENE  AT  WELLAND  WPCP 
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FIGURE  76:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
1.4  DICHLOROBENZENE  AT  WELLAND  WPCP 
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FIGURE  77:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TOLUENE 
AT  WELLAND  WPCP 
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FIGURE  78:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
P&M  XYLENE  AT  WELLAND  WPCP 


Table    40 
FREQUENCY    OF    DETECTION    OF    PAHs    AT    WELLAND    STP 


Frequency   of   Detection    (%) 


Influent 

Effluent 

Compound 

>  MDL* 

>  Trace 

Range 

>  HLL* 

>  Trace 

Range 

0 

(yg/L) 

0 

(yg/L) 

Acenaphthene 

0 

ND 

0 

ND 

Acenaphthylene 

0 

0 

ND 

10 

10 

ND-1.8 

Anthracene 

0 

0 

ND 

0 

0 

ND 

Phenanthrene 

30 

90 

ND-1.1 

50 

90 

ND-0.06 

Benzo  (a) anthracene 

0 

30 

ND-Trace 

0 

0 

ND 

Chrysene 

0 

0 

ND 

0 

0 

ND 

Benzo (b) f luoranthene 

30 

60 

ND-0.35 

0 

70 

ND-Trace 

Benzo (k) f luoranthene 

0 

60 

ND-Trace 

0 

70 

ND-Trace 

Benzo (ghi)perylene 

0 

0 

ND 

0 

0 

ND 

Dibenzo (ah) anthracene 

0 

0 

ND 

0 

0 

ND 

Fluoranthene 

70 

90 

ND-1.2 

30 

80 

ND-0.03 

Fluorene 

50 

80 

ND-2.2 

0 

0 

ND 

Indeno (1,2 , 3-cd) pyrene 

0 

0 

ND 

0 

0 

ND 

Naphthalene 

0 

0 

ND 

0 

0 

ND 

Pyrene 

40 

70 

ND-1.9 

60 

100 

Trace-0.28 

Benzo (a) pyrene 

30 

70 

ND-0.37 

0 

80 

ND-Trace 

*  MDL  varied  from  sample  to  sample  depending  on  extraction  volume  and  sample  type  but 
generally  was  in  the  range  0.05  yg/L  to  0.5  yg/L. 


Recovery  of  the  internal  surrogate,  terphenyl,  in  Welland 
samples  was  low,  but  consistent  with  that  observed  at 
Waterloo.   Average  recovery  in  raw  sewage  samples  was  27.3 
percent  (+9.8%)  and  in  secondary  effluents  was  26.0  percent 
(±7.0%).   The  reported  concentrations  are  not  corrected  for 
analytical  recovery. 


4.3 


Variability  of  Trace  Contaminant  Concentrations 


The  relative  variability  of  influent  and  effluent  concentra- 
tions of  selected  conventional  contaminants,  metals  and 
trace  organics  is  summarized  in  Table  41,  where  variability 
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is  reported  both  as  relative  standard  deviation  (RSD,  per- 
cent) and  as  the  ratio  of  the  95th  percentile  concentration 
to  the  geometric  mean. 

All  conventional  contaminants  showed  considerably  less  vari- 
ability in  the  effluent  than  in  the  influent,  confirming  the 
attenuation  exhibited  at  the  Waterloo  STP  m  terms  of  con- 
ventionals.   At  Welland,  phosphorus  (total  and  filtered) 
which  was  controlled  throughout  the  monitoring  period  by 
effective  chemical  addition,  showed  an  effluent  variability 
more  consistent  with  the  other  conventional  contaminants 
than  was  evident  at  the  Waterloo  STP.   All  of  the  metal 
species,  with  the  exception  of  copper,  exhibited  less  vari- 
ability in  the  effluent  than  in  the  influent.   Since  efflu- 
ent concentrations  of  several  metals,  including  copper,  were 
at  near  detection  levels,  the  lack  of  analytical  resolution 
may  have  affected  the  apparent  effluent  variability.   In 
general,  the  influent-to-effluent  variability  ratios  of  the 
metals  appeared  to  be  lower  than  comparative  data  for  con- 
ventional contaminants. 

For  trace  organics  identified  frequently  in  influents  and 
effluents,  the  variability  data  suggest  that  some  compounds 
(phenols  and  1 , 4-dichlorobenzene)  are  more  variable  in 
effluents  than  in  influents  whereas  for  others  (chloroform 
and  p&m-xylene)  ,  the  opposite  is  the  case.   At  Welland, 
more  so  than  at  Waterloo,  the  low  frequency  of  detection  and 
near  detection  limit  concentrations  affects  the  results  of 
the  data  analyses. 

Normalized  variances  for  selected  compounds  in  each  major 
category  (conventionals ,  metals,  organics)  are  compared  in 
Table  42.   Based  on  an  F-test  of  these  data,  all  classes  of 
contaminants  showed  a  lesser  degree  of  variability  in  efflu- 
ents than  in  influents  at  Welland.   In  the  influent  samples, 
conventional  contaminants  were  marginally  but  significantly 
less  variable  than  metals  which  were  considerably  less  vari- 
able than  trace  organics.   The  same  order  of  variability  was 
apparent  in  the  effluent  sample,  although  the  difference 
between  conventionals  and  metals,  in  terms  of  the  degree  of 
variability,  was  greater.   The  same  order  was  apparent  in 
effluent  samples  at  the  Waterloo  STP. 
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Table  42 

COMPARISON  OF  INFLUENT  AND  EFFLUENT  VARIABILITY 

AT  WELLAND  STP 


Normalized  Variance 


Contaminant  Group 
Conventionals* 
Metals** 
Organics*** 


Influent 

0, 

.415 

0, 

.504 

1, 

.533 

p 

ffluent 

0, 

.082 

0. 

.140 

0, 

.395 

Conventionals  includes  FOC ,  TSS ,  TP ,  Filt.  P 

Metals  includes  Cd,  Cr,  Cu,  Ni,  Pb,  Zn 

Organics  includes  total  phenols,  chloroform,  trichloro- 

ethylene,  1 , 4-dichlorobenzene ,  toluene  and  p&m-xylene 


Based  on  the  variability  criterion  of  the  95th  percentile 
value  exceeding  the  geometric  mean  by  a  factor  of  2.0,  none 
of  the  conventional  contaminants  and  only  copper  of  the 
metal  species  showed  significant  effluent  variability 
although  FOC,  TSS,  cadmium,  chromium,  lead  and  zinc  exceeded 
the  variability  criteria  in  influent  samples.   Of  the  orga- 
nics frequently  detected  in  influents,  total  phenols, 
chloroform,  trichloroethylene,  1 , 4-dichlorobenzene ,  toluene 
and  p&m-xylene  exceeded  the  criterion  in  influent  samples 
but  only  phenol  exhibited  significant  variability  in  the 
Welland  STP  effluent. 


4 . 4       Toxicity  of  Influents  and  Effluents 

The  results  of  the  48-hour  Daphnia  and  96-hour  rainbow  trout 
static  acute  toxicity  bioassays  performed  on  the  Welland  STP 
raw  influent,  unchlorinated  secondary  and  final  chlorinated 
effluents  are  shown  in  Table  43.   Mortality  generally 
occurred  within  the  first  24-hours  of  the  testing  period. 

In  all  samples,  temperature  and  dissolved  oxygen  levels  re- 
mained stable  throughout  the  exposure  time  at  15±1°C  and 
above  8  mg/L  respectively,  while  the  pH  values  increased 
slightly  in  all  samples  (Table  44) . 
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Table  43 

RESULTS  OF  ACUTE  LETHALITY  TESTING  PERFORMED  ON  THE 

WELLAND  SEWAGE  TREATMENT  PLANTS  EFFLUENT  SAMPLES 


LC30  (%  v/v  •  »%  Confldtrce  Limm) 


Undiluted 
Treatgd/Chlorii^ifd 
Total       Un-ion.zed 
TKC      NH-i-N  NH-.  TRC 


Plant  Influffit 


g/L)        (mg/l)   (mg/U   {mg/D  (mg/l)      (mg/L)        (*  v/v) 


Secondary/ 
-cMorirated        Secondary/CMorinaied 


°im 


High  Waste  Load  Condition 

19  Aug  16/10:00  19.J  0.07  L  0.03  7.2 

20  Aug  16/10:00  23.0  0.11  L  0.03  3.3 

22  Aug  86/10.00  19.3  0.13  L  0.03  7.0 

23  Aug  J6/10:00  23.0  0.12  L  0.03  11.3 

2<<  Aug  16/10:00  30.0  0.13  L  0.03  3.3 

27  Aug  86/10:00  2(i.O  0.12  L  0.03  1.6 


0.03 

0.11 

N.L.  (10)« 

N.L. 

N.L. 

0.01 

0.68 

N.L. 

93 

(73-100) 

S.L. 

N.L.  (10)« 

N.L. 

0.03 

1.10 

N.L. 

VL. 

17 
(13-22) 
N.L.  (Del) 

0.03 

0.72 

8 
(6-10) 
23  (DcJ) 
(20-30) 
71  (NH,  out) 
(30-100) 

0.02 

L  0.03 

71 

{30-100) 

78 
(61-99) 

N.L. 

N.L. 

N.L. 

0.02 

0.70 

N.L. 

N.U 

- 

12 
(10-16) 
N.L.  (Del) 

Low  Waste  Load  Condition 

20  Aug  86/01.00       20.0  0.10  L  0.03  9.13 

21  Aug  86/00:00        22.0  0.07  L  0.03  10.3 

22  Aug  8V0i:00        19.3  0.12  L  0.03  9.3 
21.  Aug  86/0'.:00        23.0  0.07  L  0.03  6.0 


27  Aug  86/01:0 


0.06      L  0.03        7.0 


0.06 

0.3 

N.L. 

71 
(30-100) 

N.L. 

N.L. 

N.L. 

0.06 

0.13 

N.L. 

N.L. 

N.L.  (20) 

0.01 

0.63 

N.L. (10)« 

NJ_ 

- 

N.L. 

0.01 

L  0.03 

N.L. 

71 
(30-100) 

N.L. 

N.L. 

21' 
(17-27) 
N.L.  (Del) 

Total  NHj-N  :     Toul  ammonia  nitrogen  measured  by  Nesjlerization  method. 

NHj  =     Un-iofiized  ammonia;  calojlaied  according  to  Emmeraon  el  al.  (197  j). 

NH3  Out  :  •  Ammonia  removed  by  clinoplilolite. 

LC30  =     Median  lethal  concentration. 

TRC  =      Total  residual  chlorine  measured  by  DPD  method. 

Del  =     Dec  hi  or  i  rated. 

N.L.  =     Non-lethal. 

•  t     Some  rrortality  observed.    Brackets  indicate  %  mortality  observed  in  undiluted  sample  only. 

1  Sample  was  aerated  to  increase  D.O.  prior  to  introducing  trout  (2  hrs)  and  Dap^nia  (3  min);  greater  Dap^nla  toxicity 

likely  due  to  higher  TRC  at  beginning  cf  test. 

C     )  »     93*  confidence  inlei^al  about  the  LC30. 
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4.4.1  Species  Sensitivity 

Review  of  Table  43  indicates  that  sensitivity  varied  between 
trout  and  Daphnia.   Three  of  the  four  influent  samples  were 
toxic  to  trout  but  non-lethal  to  Daphnia ,  while  the  fourth 
sample  was  equally  toxic  to  both  organisms  (24  August,  high 
load) .   Only  one  of  the  secondary  non-chlorinated  samples 
out  of  the  four  tested  with  both  species  produced  low  level 
lethality  (10  percent  in  undiluted  sample)  to  trout.   The 
rest  were  non-lethal. 

One  out  of  the  four  secondary  chlorinated  samples  tested 
with  both  organisms  was  lethal  to  Daphnia  (LC50  =  21  per- 
cent) ,  but  was  non-lethal  to  trout  (24  August,  low  load) . 
Addition  of  sodium  sulphite  to  remove  chlorine  rendered  the 
sample  non-lethal  to  Daphnia,   This  particular  sample 
arrived  in  the  laboratory  with  a  very  low  dissolved  oxygen 
concentration  which  required  aeration  prior  to  testing.   The 
trout  sample  was  aerated  for  about  two  hours  and  the  Daphnia 
sample  for  only  several  minutes.   It  is  possible  that  lethal 
levels  of  chlorine  were  stripped  from  the  trout  sample,  but 
were  present  in  the  Daphnia  sample  to  produce  lethality  in 
the  latter  case  only.   Two  of  the  remaining  samples  were 
non-lethal  to  both  trout  and  Daphnia,  but  the  20  August  'low 
load'  sample  was  slightly  toxic  to  trout  (10  percent  mortal- 
ity in  undiluted  sample)  and  non-lethal  to  Daphnia.   These 
test  comparisons  between  species  demonstrated  that  effluents 
toxic  to  one  organism  were  not  consistently  toxic  to  the 
other.   In  one  case,  this  can  be  accounted  for  by  procedural 
differences . 

4.4.2  Waste  Loading  and  Treatment 

Three  influent  samples  were  lethal  during  'high  waste  load' 
conditions  as  compared  to  two  during  'low  loading'.   The 
frequency  of  acute  lethality  in  the  secondary  chlorinated 
effluent  also  appeared  to  be  lower  during  "low  waste  load" 
conditions  (1/5  samples  lethal)  compared  to  "high  waste 
load"  periods  (3/5  samples  lethal) .   At  least  some  of  the 
chlorinated  effluent  toxicity  was  related  to  chlorine  resid- 
ual and,  in  three  of  the  four  effluents,  lethality  was  elim- 
inated in  Daphnia  tests  after  residual  chlorine  was  removed. 
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In  most  cases,  the  secondary  treated  effluents  were  non- 
lethal  to  Daphnia  and  trout.   Only  slight  toxicity  to  trout 
was  observed  in  one  sample  (20  August,  high  load)  when  10 
percent  mortality  occurred  in  undiluted  sample.   Chlorina- 
tion  of  the  secondary  effluent  produced  lethality  in  Daphnia 
in  four  out  of  the  ten  samples  tested.   Three  of  these 
lethal  bioassay  samples  were  rendered  non-lethal  when  chlo- 
rine residues  were  eliminated  by  sodium  sulphide  treatment. 
One  final  effluent  sample  (23  August,  high  flow)  was  still 
toxic  after  dechlorination  and  ammonia  removal.   The  Daphnia 
LC50  changed  from  8  percent  v/v  (original)  to  25%  v/v  (after 
chlorine  removal)  to  71  percent  v/v  (after  ammonia  removal) , 
indicating  that  residual  toxicants  remained. 

4.4.3     Chlorine 

Chlorine  is  the  most  obvious  potential  toxicant  in  chlorin- 
ated effluent  samples.   Studies  of  chlorine  toxicity     '   ' 
indicated  that  residual  chlorine  toxicity  is  species-  and 
time-dependent.   Arthur  et  al      clearly  identified  the 
greater  sensitivity  of  fish  (brook  trout,  coho  salmon,  fat- 
head, sucker,  walleye)  to  chlorinated  sewage  effluent  than 
invertebrates  (gammarus,  stonefly,  caddisfly,  crayfish, 
snails) .   The  seven-day  LC50  values  for  fish  ranged  from 
0.08  to  0.26  mg  TRC/L,  and  for  invertebrates  from  0.2  to 
greater  than  0 . 8  mg  TRC/L.   Larson  et  al      identified  that 
trout  (coho  salmon,  brook  trout,  cutthroat  trout)  may  live 
indefinitely  at  TRC  concentrations  near  0.05  mg/L.   While 
some  of  the  TRC  values  reported  in  this  study  exceeded  these 
levels,  no  relationship  exists  between  the  concentrations 
measured  and  observed  lethality.   It  is  well  recognized  that 
sample  aeration  during  tests  causes  chlorine  concentrations 
to  decline  exponentially.   In  addition,  the  DPD  method  of 
TRC  analysis  does  not  provide  accurate  TRC  measurements 
under  approximately  0.05  mg/L.   Therefore,  the  above  dis- 
crepancies between  chlorine  toxicity  and  organism  sensitiv- 
ity may  be  accounted  for  by  dynamic  changes  in  TRC  concen- 
trations in  the  test  vessel  and  poor  detection  limits  for 
the  DPD  analytical  method.   No  conclusions  can  be  drawn  con- 
cerning the  importance  of  TRC  from  this  study.   Future  tests 
employing  continuous-flow  techniques  to  ensure  consistent 
TRC  levels  and  more  sensitive  analytical  measurement  would 
clarify  this  issue. 
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4.4.4      Ammonia  and  Other  Contaminants 

Ammonia  concentrations  were  presented  in  Table  43  as  total 
ammonia  nitrogen  and  the  more  toxic,  un-ionized  form.   Un- 
ionized ammonia  values  were  derived  from  the  total  ammonia 
concentrations  using  the  pH  and  temperature  of  the  bioassay 
sample     .   Rainbow  trout  96-hour  LC50's  have  been  reported 
in  the  literature  to  range  from  0.1  to  0.8  mg  un-ionized 
ammonia/L     .   Daphnia  magna  are  much  more  tolerant  of  un- 
ionized ammonia  than  fish,  with  48-hour  LCSO's  reported 
between  2  to  3  mg/L 

Rainbow  trout  lethality  was  observed  in  all  four  influent 
samples  tested.   Since  the  influent  was  not  chlorinated, 
ammonia  was  one  alternative  measured  toxicant.   The  samples 
contained  un-ionized  ammonia  concentrations  near  or  exceed- 
ing acutely  lethal  levels.   Daphnia  are  less  sensitive  to 
ammonia,  and  the  influent  sample  which  was  lethal  to  Daphnia 
contained  un-ionized  ammonia  of  only  0.13  mg  NH^/L.   In 
addition,  some  non-lethal  samples  contained  equal  or  greater 
ammonia  levels,  indicating  that  the  samples  lethal  to 
Daphnia  must  have  contained  other  contaminants.   Inorganics 
(Table  45)  and  organics  (Table  46)  had  been  measured  in  sub- 
samples  of  those  tested  for  toxicity  since  they  were  collec- 
ted at  the  same  time  as  those  collected  for  chemical  charac- 
terization.  Comparison  with  documented  toxic  ranges  of  those 
toxicants  in  Table  28  indicates  that  only  copper  was  present 
in  sufficient  quantity  to  contribute  to  Daphnia  toxicity  (44 
percent  of  LC50) ,  while  the  influent  samples  lethal  to  trout 
all  contained  copper  levels  exceeding  their  reported  LC50  of 
20  ug/L.   One  of  the  those  influent  samples  lethal  only  to 
trout  also  contained  levels  of  zinc  which  were  greater  than 
reported  LC50  values  for  both  trout  and  Daphnia.   Thus,  the 
role  of  metals  in  influent  toxicity  is  uncertain. 

Review  of  the  estimated  un-ionized  ammonia  level  in  the  23 

August  (high  load)  chlorinated  effluent  sample  (0.05  mg 

NH  /L)  is  about  40-fold  less  than  the  documented  Daphnia 

value  (2  mg/L) .   The  results  of  this  single  test  suggest 

that  one  or  more  other  toxicants  were  present.   The  sample 

was  treated  with  clinoptilolite  to  remove  NH^,  and  reduced 

toxicity  was  observed.   Clinoptilolite  has  been  reported  to 

remove  other  cations,  however,  such  as  Cu    and  Zn    in 

addition  to  NH       .   Most  metal  concentrations  in  the 
4 
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Table  46 

CONCENTRATIONS  OF  ORGANICS  IN  WELLAND  SEWAGE 

TREATMENT  PLANT  EFFLUENT  (ug/L) 


Sample 

1, 

*- 

Trichloro- 

Date 

Phenolics 

Chloroform 

Dichlorobenzene 

ethylene 

Toluene 

P<5cM- 

Xylene 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

Out 

Hi^Load 

19.08.86 

3.it 

6.67 

1.00 

1.93 

1.00 

1.00 

0.30 

0.50 

0.25 

0.25 

0.25 

20.08.86^ 

3.0 

'>.19 

1.00 

2.29 

0.30 

1.00 

0.30 

1.17 

0.25 

*.32 

0.67 

22.08.86^ 

3.ii 

3.33 

1.00 

2.56 

1.00. 

0.50 

0.50 

0.25 

0.25 

0.25 

0.25 

23.08.86^ 

1.0 

3.73 

1.01 

2.0^ 

1.00 

0.30 

0.30 

0.50 

0.25 

0.25 

0.23 

2^.08.86^'^ 

2A 

5.73 

1.1 '^ 

2.32 

1.00 

0.30 

0.30 

0.95 

0.25 

0.50 

0.25 

27.08.86'' 

1.0 

0.50 

2.19 

2.19 

1.00 

0.30 

0.50 

0.50 

0.25 

0.25 

0.25 

Low  Load 

20.08.86^ 

5.0 

2.75 

1.00 

1.58 

1.00 

0.30 

0.50 

0.63 

0.23 

0.25 

0.25 

21.08.86 

2.t 

it.7l 

1.00 

1.87 

0.50 

I.OO 

0.50 

1.5* 

0.23 

0.25 

0.25 

22.08.86 

8.8 

3.^0 

1.00 

2.30 

2.10 

1.00 

0.50 

0.63 

0.23 

0.25 

0.25 

2^.08.86'''<^ 

1.6 

3.56 

1.00 

2.6* 

1.00 

1.00 

0.50 

1.58 

0.25 

0.25 

0.25 

27.08.86 

2.tt 

3.10 

0.50 

2.1i» 

i.OO 

0.50 

0.50 

0.91 

0.66 

0.76 

0.25 

^  Non-cWor 

inated  and     chl 

orinated  sample 

toxic  to 

Daphn 

a  magna. 

^  Influent  sample  toxic  to  Salmo  ga 

irdneri. 

Influent  sample  toxic  to  Daphnia 

magna. 
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chlorinated  effluent  were  as  much  as  two  orders  of  magnitude 
below  LC50  values,  except  for  zinc  which  was  present  at  20 
to  36  percent  of  the  lowest  documented  LC50  for  Daphnia  (100 
ug/L)  . 

The  above  information  indicates  that  analytical  measurement 
of  contaminants  provides  a  poor  estimate  of  effluent  toxi- 
city.  The  changing  composition  of  sewage  effluent  and  the 
different  sensitivity  of  trout  and  Daphnia  to  those  toxi- 
cants results  in  one  organism  being  a  poor  surrogate  for  the 
other  in  toxicity  evaluations. 


4. 5       Prediction  of  Welland  STP  Influent  Quality 

The  dry  weather  flow  component  of  HAZPRED  was  used  to  pre- 
dict concentrations  of  selected  trace  contaminants  in  the 
influent  to  the  Welland  STP.   The  industrial  contributions 
to  the  facility  were  based  on  data  provided  by  the  Regional 
Municipality  of  Niagara  and  summarized  in  Table  9.   Commer- 
cial and  residential  water  consumption  records  from  the  local 
utility  were  used  to  define  these  components  of  the  STP  in- 
fluent.  From  the  flow,  industrial  SIC  and  the  industrial/ 
commercial/residential  wastewater  characterization  data  con- 
tained in  HAZPRED,  concentrations  of  heavy  metals  including 
cadmium,  chromium,  copper,  lead,  nickel  and  zinc  were  pre- 
dicted.  For  organics,  only  the  concentrations  of  compounds 
found  at  a  high  frequency  in  the  raw  wastewater  were  predic- 
ted.  This  list  was  limited  to  chloroform,  toluene,  and 
trichloroethylene  since  p&m-xylene  and  1 , 4-dichlorobenzene 
were  not  contained  in  the  HAZPRED  data  base.   Benzene  was 
also  included  in  the  prediction  although  not  detected  at  a 
high  frequency  during  the  monitoring  period. 

Table  47  presents  the  predicted  and  observed  geometric  mean 
concentrations  for  the  selected  compounds,  along  with  the 
logarithmic  ratio  of  these  values.   As  was  the  case  for  the 
HAZPRED  predictions  of  raw  wastewater  quality  at  the 
Waterloo  STP,  the  predicted  values  are  generally  within  an 
order-of-magnitude  of  the  actual  values.   However,  the  ob- 
served values  were  consistently  low  compared  to  the  pre- 
dicted values  and  the  deviation  was  generally  greatest  for 
the  organic  contaminants.   For  example,  benzene  was  pre- 
dicted to  be  present  at  concentrations  exceeding  2.5  mg/L 
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but  was  not  detected  during  the  monitoring  program  in  more 
than  20  percent  of  the  samples.   Similarly,  toluene  was  pre- 
dicted to  be  present  at  concentrations  exceeding  0.5  mg/L 
but  was  measured  at  an  average  concentration  of  less  than  1 
yg/L.   There  was  generally  better  agreement  between  the  pre- 
dicted and  observed  metal  concentrations  than  between  the 
predicted  and  observed  organic  concentrations. 


Table  47 

COMPARISON  OF  PREDICTED  AND  OBSERVED  INFLUENT 

CONCENTRATIONS  AT  WELLAND  STP 


Concentration  (ug/L) 


Contaminant 

Observed 
3.90 

Predicted 
14  .20 

Log  Ratio 

Chloroform 

-0.56 

Toluene 

0.80 

536.09 

-2.83 

Benzene 

ND 

2529.99 

- 

Trichloroethylene 

1.00 

2.55 

-0.41 

Cadmium 

2.70 

5.89 

-0.34 

Chromium 

14.90 

55.04 

-0.57 

Copper 

30.90 

37.41 

-0.08 

Lead 

8.30 

62.32 

-0.88 

Nickel 

14.40 

15.59 

-0.03 

Zinc 

64.90 

253.05 

-0.59 

The  relatively  high  concentrations  9f  organic  compounds  pre- 
dicted in  the  Welland  STP  influent  by  HAZPRED  are  consistent 
with  the  heavy  industrial  profile  tributary  to  the  plant. 
However,  the  collection  system  serving  the  City  of  Welland 
contained  a  relatively  high  proportion  of  combined  sewers 
and  the  plant  is  subjected  to  considerable  extraneous  flow 
during  wet  weather  periods  as  indicated  by  the  low  strength 
wastewater  historically  reported  (Table  7)  in  terms  of  BOD  , 
TSS  and  TP.   This  is  a  major  factor  in  reducing  the  influent 
concentrations  of  trace  contaminants  compared  to  those  which 
are  predicted  based  on  the  industrial  profile.   Predicted 
flows  from  the  HAZPRED  model  for  the  Welland  STP  (32,860 
m^/d)  agreed  well"  with  the  flows  observed  during  the 
sampling  period  (30,570  m^/d). 
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5.0        GALT  STP  RESULTS 


5 . 1        Plant  Operation  and  Performance 

The  intensive  sampling  program  at  the  Gait  STP  (September  30 
to  October  8,  1986)  occurred  during  a  period  of  high  precip- 
itation, resulting  in  abnormally  high  flows  at  the  facility. 
Average  flow  for  the  monitoring  period  was  36,800  m^/d  com- 
pared to  a  two  year  average  (September  1984  to  September 
1986)  flow  of  30,910  m^/d.   Peak  flows  on  September  29, 
September  30  and  October  1,  the  periods  of  highest  precip- 
itation, were  93,200  m^/d,  68,200  m^/d  and  72,000  m^/d  re- 
spectively.  As  a  result  of  these  high  flews,  effluent  qual- 
ity was  significantly  poorer  in  terms  of  effluent  suspended 
solids  than  typically  achieved  by  the  Gait  STP.   The  effect 
of  high  hydraulic  loading  on  the  plant  was  exacerbated  by 
experimentation  with  ferrous  chloride  for  phosphorus 
removal.   The  plant  staff  were  in  the  process  of  optimizing 
dosage  and  addition  point  after  switching  to  ferrous  chlor- 
ide on  September  11.   The  sampling  prograr  was  also  affected 
by  the  inadvertent  discharge  of  digester  supernatant  to  the 
plant  headworks  on  October  7  as  noted  in  Section  2.2.3  of 
the  report.   This  supernatant  discharge  impacted  on  raw 
sewage  quality  on  the  final  day  of  the  intensive  sampling 
program. 

Flow  data  and  influent  and  effluent  quality  data  for  the 
period  September  20  to  October  8  encompassing  the  intensive 
sampling  period  (and  the  period  when  ferrous  chloride  was 
used  for  phosphorus  removal)  are  presented  in  Table  48. 
Flows  for  this  three  week  period  were  approximately  10  per- 
cent higher  than  the  long-term  average  and  near  90  percent 
of  the  plant  design  flow.   Raw  sewage  quality  was  compar- 
able, in  terms  of  BOD  ,  TSS  and  TP  concentrations,  to  the 
long-term  average  (Table  11) .   However,  the  final  effluent 
quality  for  this  period  was  significantly  poorer  than  typi- 
cal of  the  Gait  STP  as  a  result  of  high  flows  and  the  exper- 
imentation with  ferrous  chloride  for  phosphorus  removal. 
During  this  period,  the  plant  did  not  meet  its  effluent  ob- 
jectives of  25  mg/L  BOD,  25  mg/L  TSS  and  1.0  mg/L  TP . 
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Table  48 

GALT  STP  PERFORMANCE 

(September  20  to  October  8) 

Average  Daily  Flow  33,660  m^/d 


Influent  Quality 
BOD   (mg/L) 
TSS  (mg/L) 


TP  (mg/L) 


Effluent  Quality 
BOD   (mg/L) 
TSS  (mg/L) 


TP  (mg/L) 


168 

196 

5. 

7 

29 

39 

1. 

11 

Average  operating  conditions  during  the  period  of  September 
30  to  October  8  are  summarized  in  Table  49.  In  general, 
operating  conditions  were  typical  with  the  exception  of  the 
high  flow  at  the  plant.  The  system  SRT  during  this  period, 
at  approximately  2.1  days,  was  lower  than  normal  due  to  the 
loss  of  suspended  solids  to  the  plant  effluent  during  the 
intensive  monitoring  period. 


Table  49 

A\^RAGE  OPERATING  CONDITIONS  AT  WELLAND  STP 

(September  30  to  October  8) 

MLSS  (mg/L)  1230 
MLVSS  (mg/L)  900 

F/M  (kg/kg. d)  0.88 

SVI  56 

DO  Range  (mg/L)  1.8  -  3.0 

SRT  (days)  2.1 
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5.2       Intensive  Sampling  Program  Results 

5.2.1     Conventional  Contaminants 

A  probability  distribution  of  Gait  STP  raw  sewage  flow 
during  the  intensive  sampling  period  is  presented  in  Figure 

79.  Geometric  mean  flow  during  this  period  was  35,400  m^/d 
and  the  distribution  followed  a  log-normal  pattern.   A 
strong  diurnal  trend  in  the  flow  data  is  apparent  in  Figure 

80,  with  the  highest  flows  occurring  early  in  the  sampling 
program  (September  '30  and  October  1)  coincidental  with  the 
rainfall  during  this  period. 

Probability  distributions  for  influent  and  effluent  FOC,  in- 
fluent TKN  and  effluent  NH  -N,  influent  and  effluent  TSS  and 
influent  and  effluent  total  and  filtered  phosphorus  are  pre- 
sented in  Figures  81  to  85,  respectively.   Key  statistical 
data  for  these  conventional  contaminants  are  summarized  in 
Table  50.   The  intensive  sampling  data  confirm  the  plant 
data  which  indicated  poorer  than  normal  effluent  quality  due 
to  suspended  solids  carryover.   The  intensive  data  also 
suggest  a  weaker  raw  sewage  than  typical  of  the  Gait  STP, 
which  is  probably  reflective  of  the  rainfall  which  occurred 
during  this  sampling  period.   These  data  also  suggest  that 
some  degree  of  nitrification  was  occuring  in  the  plant  based 
on  removal  of  influent  TKN  concentrations  of  20.9  mg/L  to 
average  NH  -N  levels  in  the  effluent  of  11.4  mg/L;  however, 
as  nitrate  was  not  monitored  in  the  plant  effluent,  the 
occurrence  of  nitrification  could  not  be  verified. 

A  chronological  plot  of  influent  FOC  concentrations  (Figure 
86)  shows  a  significant  diurnal  trend  which  is  reproduced  to 
a  much  lesser  extent  in  the  effluent.   Any  diurnal  trend  in 
the  TSS  data  (Figure  87)  appears  to  be  masked  by  the  rain- 
fall early  in  the  sample  program  and  the  inadvertent  super- 
natant recycle  on  October  7.   Although  there  is  no  signifi- 
cant diurnal  cycle  in  the  8  day  data  sequence,  there  does 
appear  to  be  a  diurnal  trend  during  the  middle  three  to  five 
days  of  the  program.   A  significant  diurnal  trend  is  evident 
in  the  effluent  TSS  data.   Total  and  filtered  phosphorus  show 
strong  diurnal  trends  in  both  influents  and  effluents  in 
Figures  88  and  89.   The  effect  of  supernatant  return  on  the 
influent  TP  concentration  was  apparent  in  Figure  88.   The 
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FIGURE  86:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  FOC 
.  AT  GALT  WPCP 
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FIGURE  87:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TSS 
AT  GALT  WPCP 


INFLUENT 


^WVV\N^\ 


T  2000  W  2000  T  2000  F  2000  S  2000  S  2000  U  2000  T  2000  W 


DATE/TIME  (SEP  30  -  OCT  8) 


ii|ui.iiuiii|iiniiii.ii|.Hiiiii»|»iiin»»|Miiiiuii.yiii.iiii^iiiuiwii|immiui|iii«M.iyiUMiiui|— .ui|.iniiini|.miimiiiii..im|i.»«ili»|» 

T  2000  W  2000  T  2000  F  2000  S  2000  S  2000  U  2000  T  2000  W 


DATE/TIME  (SEP  30  -  OCT  8) 


FIGURE  88:  CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  P 
AT  GALT  WPCP 
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FIGURE  89:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  FILT.  P 
AT  GALT  WPCP 


cause  of  the  extreme  influent  TP  concentration  on  October  3 
is  unknown.   Filtered  phosphorus  showed  a  lesser  but  signif- 
icant peak  at  the  same  time. 

5.2.2      Metals 

Probability  distributions  for  influent  and  effluent  concen- 
trations of  cadmium,  chromium,  copper,  nickel,  lead  and  zinc 
are  presented  in  Figures  90  to  95,  respectively.   Key  stat- 
istics describing  these  distributions  are  summarized  in 
Table  51. 

As  was  observed  at  Waterloo  and  Welland,  copper  and  zinc 
were  present  at  the  highest  levels  in  the  Gait  STP  influent. 
Concentration  ranges  for  metals  in  Gait  STP  raw  sewage  were 
consistent  with  those  at  Waterloo  with  copper  and  zinc  ex- 
ceeding 100  ug/L,  chromium,  lead  and  nickel  in  the  10  to  60 
yg/L  range  and  cadmium  at  the  lowest  concentration  (less 
than  5  ug/L) .   Metal  concentrations  were  consistently  higher 
at  Gait  than  had  been  observed  at  Welland. 

Chronological  plots  of  influent  and  effluent  metal  concen- 
trations at  the  Gait  STP  are  shown  in  Figures  96  to  101.   As 
identified  at  the  other  sampling  sites,  the  metal  species 
exhibited  markedly  different  behaviour.   Influent  cadmium 
concentrations  (Figure  96)  did  not  exhibit  a  significant 
diurnal  trend  but  two  extreme  peaks  were  evident  in  the  in- 
fluent data  at  the  end  of  the  monitoring  period.   Influent 
concentrations  during  these  events  were  near  60  ug/L  com- 
pared to  an  overall  geometric  mean  of  3.5  yg/L.   Neither  of 
these  major  peaks  were  associated  with  the  accidental  return 
of  supernatant  to  the  headworks,  although  a  third  lower  peak 
to  a  concentration  of  about  10  yg/L  was  identified  at  the 
time  of  supernatant  return  to  the  influent  works.   Effluent 
cadmium  concentrations  were  at  near  detection  limit  levels 
and  the  lack  of  resolution  of  the  analytical  method  pre- 
cluded identification  of  any  significant  diurnal  pattern. 
There  was  a  significant  peak  to  near  10  yg/L  in  the  effluent 
which  appeared  to  be  correlated  to  the  initial  peak  in  the 
influent  concentration.   An  increase  in  the  effluent  concen- 
tration to  about  4  yg/L  at  the  end  of  the  monitoring  period 
also  suggests  an  influent/effluent  relationship  which  was 
shown  to  be  statistically  significant  based  on  the  cross- 
correlation  function  at  a  lag  time  of  10  to  14  hours. 
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FIGURE  96:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cd 
AT  GALT  WPCP 
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FIGURE  97:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Or 
AT  GALT  WPCP 
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FIGURE  98:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Cu 
AT  GALT  WPCP 
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FIGURE  99:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Pb 
AT  GALT  WPCP 
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FIGURE  100:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT   Nl 
AT  GALT  WPCP 
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FIGURE  101:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  Zn 
AT  GALT  WPCP 


During  the  latter  period  of  the  monitoring  program,  chromium 
influent  concentration  data  (Figure  97)  suggest  a  diurnal 
pattern;  however,  this  pattern  was  not  statistically  signif- 
icant based  on  the  autocorrelation  of  the  influent  sequence. 
Several  major  influent  perturbations  were  evident,  with  the 
highest  concentration  exceeding  1  mg/L.   Effluent  concentra- 
tions were  high  enough  compared  to  the  detection  limit  that 
a  significant  correlation  between  the  influent  and  effluent 
data  was  identifiable  at  a  lag  time  in  the  order  of  18 
hours.   No  diurnal  pattern  in  the  effluent  was  identifiable. 

The  chronological  influent  copper  sequence  (Figure  98) 
suggest  a  diurnal  sequence;  however,  statistically  this  pat- 
tern was  not  significant.   The  high  peak  concentrations 
identified  at  the  end  of  the  monitoring  period  may  have  in- 
fluenced the  autocorrelation  function.   The  first  of  these 
peak  concentrations  occurred  at  the  time  of  supernatant 
return  to  the  headworks  and  may  have  been  related  to  that 
event.   The  second  peak  was  unrelated  to  supernatant  return. 
The  effluent  copper  concentration  sequence  was  significantly 
correlated  to  the  influent  sequence  but  did  not  exhibit  a 
diurnal  trend. 

The  raw  sewage  nickel  concentration  sequence  (Figure  99)  was 
dominated  by  a  peak  concentration  exceeding  5  mg/L  early  in 
the  monitoring  period.   The  plant  effluent  sequence  showed  a 
"wash  out"  curve  in  response  to  the  influent  peak,  lagging 
the  influent  perturbation  by  about  4  to  6  hours. 

Lead  concentrations  in  influents  and  effluents  (Figure  100) 
were  near  detection  limits  and  the  lack  of  resolution  of  the 
analytical  methods  at  this  concentration  precluded  identifi- 
cation of  any  significant  pattern  in  these  sequences. 

Influent  and  effluent  zinc  concentration  data  (Figure  101) 
showed  a  significant  diurnal  pattern  and  a  significant 
cross-correlation.   The  impact  of  the  accidental  return  of 
digester  supernatant  on  the  influent  zinc  concentration  was 
apparent  on  October  7.   The  effluent  concentration  sequence 
exhibited  significantly  greater  variability  at  the  end  of 
the  monitoring  period  than  at  the  start  despite  similar 
variability  in  the  influent  zinc  levels. 
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Average  removal  efficiencies  for  the  metal  species  are  sum- 
marized in  Table  52.   With  the  exception  of  cadmium  and 
nickel,  heavy  metal  removals  at  the  Gait  STP  were  generally 
consistent  with  those  at  the  Waterloo  and  Welland  STPs. 
Cadmium  removals  were  considerably  higher  at  Gait  and  prob- 
ably more  representative  of  removals  achievable  when  quanti- 
fiable influent  concentrations  are  experienced  at  a  munici- 
pal STP.   The  nickel  removal  data  are  skewed  by  the  extreme 
influent  peak  experienced  during  the  period.   The  geometric 
mean  effluent  nickel  calculated  for  the  Gait  STP  actually 
exceeded  in  the  influent  concentration  during  the  monitoring 
period  although  the  calculated  removal  efficiency  was  40 
percent  based  on  the  arithmetic  mean  concentrations. 


Table  52 
REMOVAL  OF  HEAVY  METALS  IN  GALT  STP 


Removal  (Percent)  Based  on 


Metal 


Cadmium 

Chromium 

Copper 

Nickel 

Lead 

Zinc 


Arithmetic  Mean 

61.3 
66.5 
66.3 
40.0 
61.2 
58.2 


Geometric  Mean 


37 

1 

46 

5 

62 

2 

52 

2 

55 

1 

5.2.3     Trace  Organics 

5.2.3. 1    Phenolics 

Probability  distributions  of  influent  and  effluent  total 
phenolics  concentrations  are  presented  in  Figure  102  for  the 
Gait  STP.   The  geometric  mean  influent  concentration  was 
19.9  yg/L  (arithmetic  mean  concentration  23.6  ug/L;  RSD  = 
54.2  percent)  comparable  to  the  concentration  identified  at 
Waterloo  or  Welland.   The  Gait  STP  effluent  phenolics  concen- 
tration averaged  3.5  yg/L,  based  on  the  geometric  mean 
(arithmetic  mean  4.3  yg/L;  RSD  =  60  percent),  indicating  a 
removal  efficiency  of  approximately  82  percent. 
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The  chronology  of  influent  and  effluent  total  phenols  con- 
centration data  is  presented  in  Figure  103.   The  influent 
sequence  exhibited  a  slight  but  significant  diurnal  trend 
but  the  effluent  sequence  was  random  in  nature. 

5.2.3.2    Volatile  Organics 

Table  53  summarizes  the  frequency  of  detection  (FOD)  of  sel- 
ected chlorinated  and  non-chlorinated  organics  in  the  raw 
sewage  and  the  secondary  effluent  from  the  Gait  STP. 


Table  53 

FREQUENCY  OF  DETECTION  OF  VOLATILE  ORGANIC  CONTAMINANTS 

AT  GALT  STP 


Frequency  of  Detection* 
MDL    (%) 


Compound 

(ug/L) 

1.0 

Influent 
100 

Effluent 

Dichloromethane 

100 

Chloroform 

1.0 

78 

16 

1 , 2-dichloroethylene 

1.0 

0 

0 

1,1, 1-trichloroethane 

1.0 

100 

97 

Benzene 

0.5 

77 

0 

Carbon  tetrachloride 

1.0 

1 

0 

Bromodichlorome thane 

1.0 

0 

0 

Trichloroethylene 

1.0 

100 

21 

1,1, 2-trichloroethane 

1.0 

0 

0 

Toluene 

0.5 

98 

3 

Dibromochlorome thane 

1.0 

1 

0 

Tetrachloroethylene 

1.0 

96 

77 

Chlorobenzene 

0.5 

9 

0 

Ethylbenzene 

0.5 

84 

12 

p&m-Xylene 

0.5 

99 

33 

Bromoform 

1.0 

0 

0 

o-xylene 

0.5 

97 

27 

1,1,2, 2-tetrachloroethane 

1.0 

0 

0 

1 , 3-dichlorobenzene 

1.0 

1 

1 

1 , 4-dichlorobenzene 

1.0 

100 

91 

1 , 2-dichlorobenzene 

1.0 

31 

18 

*At  concentrations  above  the  MDL. 
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FIGURE  103:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
PHENOLICS  AT  GALT  WPCP 


As  was  the  case  at  the  other  two  STPs,  dichloromethane  was 
identified  in  all  influent  and  effluent  samples  and  further 
analysis  of  these  data  was  not  undertaken  as  laboratory  con- 
tamination was  considered  to  be  a  factor.   Three  other  chlo- 
rinated compounds  -  1 , 1 , 1-trichloroethane ,  trichloroethylene 
and  1 , 4-dichlorobenzene  -  were  also  quantified  in  all  influ- 
ent samples.   In  addition,  two  other  chlorinated  organics  - 
chloroform  and  tetrachloroethylene  -  and  five  non-chlorin- 
ated volatile  organics  -  benzene,  toluene,  ethylbenzene  and 
the  xylene  isomers  (p&m-xylene  and  o-xylene)  were  quantified 
in  more  than  50  percent  of  raw  sewage  samples.   Of  these 
organic  compounds,  only  1 , 1 , 1-trichloroethane,  tetrachloro- 
ethylene and  1 , 4-dichlorobenzene  were  present  at  concentra- 
tions exceeding  the  MDL  in  more  than  50  percent  of  the 
effluent  samples.   None  of  the  non-chlorinated  organics  was 
quantified  in  more  than  50  percent  of  the  effluent  samples. 
Benzene  and  toluene  were  almost  never  detected  in  effluent 
samples. 

Probability  distributions  for  the  volatile  organic  compounds 
identified  frequently  in  Gait  STP  influent  samples  are  pre- 
sented in  Figures  104  through  113.   Statistics  characteriz- 
ing these  distributions  are  summarized  in  Table  54.   Chrono- 
logical plots  of  the  concentrations  of  these  compounds  in 
influents  and  effluent  are  shown  in  Figure  114  through  123. 

Influent  concentration  sequences  for  organic  contaminants  at 
the  Gait  STP  allow  a  more  thorough  analysis  than  those  found 
at  the  other  two  STPs  because  of  the  generally  higher  FODs 
and  higher  concentrations.   However,  development  of 
influent-effluent  relationships  was  difficult  in  most  cases 
because  of  the  low  effluent  FOD  for  most  contaminants.   For 
example,  chloroform  (Figure  114)  trichloroethylene  (Figure 
116) ,  toluene  (Figure  117) ,  ethylbenzene  (Figure  118)  ,  ben- 
zene (Figure  121)  and  the  xylene  isomers  (Figures  122  and 
123)  had  influent  concentration  sequences  consistently  above 
the  MDL  but  effluent  concentration  sequences  at  or  below  the 
MDL.   Thus,  no  conclusions  could  be  drawn  with  respect  to 
the  significance  of  the  cross-correlation  function.   None  of 
these  compounds  showed  a  significant  diurnal  pattern  in 
their  influent  concentration  sequence. 
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FIGURE  114:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
CHLOROFORM  AT  GALT  WPCP 
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FIGURE  115:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
1,1.1  -  TRICHLOROETHANE  AT  GALT  WPCP 
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FIGURE  116:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
TRICHLOROETHYLENE  AT  GALT  WPCP 
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FIGURE  117:   CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  TOLUENE 
AT  GALT  WPCP 
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FIGURE  118:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
ETHYL  BENZENE  AT  GALT  WPCP 
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FIGURE  119:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
TETRACHLOROETHYLENE  AT  GALT  WPCP 
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FIGURE  120:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
1,4  -  DICHLOROBENZENE  AT  GALT  WPCP 
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FIGURE  121:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT  BENZEI 
AT  GALT  WPCP 


WTZA^UE  (SEP30  -  OCTOe) 


U|iinu«»Hm»»uipr 
2000    W     2000 


2000 


2000    r    2000    S    2000    s 

Wt£/W£.  tSEPX  -  0CT08) 


FIGURE  122:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
P&M  XYLENE  AT  GALT  WPCP 
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FIGURE  123:    CHRONOLOGY  OF  INFLUENT  AND  EFFLUENT 
O  -  XYLENE  AT  GALT  WPCP 


The  1 , 1 , 1-trichloroethane  influent  and  effluent  concentra- 
tion sequences  (Figure  115)  exhibited  no  diurnal  pattern  but 
the  effluent  concentration  was  significantly  correlated  to 
the  influent  concentration.   The  tetrachloroethylene  influ- 
ent concentration  sequence  (Figure  119)  was  dominated  by 
four  concentration  peaks  over  the  first  four  days  of  sampl- 
ing with  a  strong  diurnal  pattern.   These  influent  peaks 
produced  significant  increases  in  the  effluent  concentra- 
tion.  The  1 ,4-dichlorobenzene  influent  and  effluent 
sequences  were  similar  to  those  of  1 , 1 , 1-trichloroethane  in 
that  no  discernible  pattern  could  be  identified  but  there 
appeared  to  be  a  significant  effect  of  the  influent  concen- 
tration on  the  effluent.   In  both  cases,  the  effluent  con- 
centrations were  near  the  MDL . 

Removal  efficiencies  for  prevalent  trace  organic  compounds 
are  summarized  in  Table  55.   Removal  of  aromatic  hydro- 
carbons was  virtually  complete  in  all  cases.   The  low 
reported  removal  for  benzene  (60  percent)  relates  to  the 
substitution  of  half  the  MDL  (0.25  yg/L)  for  'not  detected' 
in  the  calculation  of  the  average  concentration.   Removal  of 
chlorinated  organics  was  generally  consistent  with  that 
reported  for  Waterloo  and  Welland,  averaging  in  the  range 
from  60  to  80  percent. 


Table  55 
REMOVAL  OF  VOLATILE  ORGANICS  AT  GALT  STP 


Removal  (Percent)  Based  on 


Compound 

Arithmetic  Mean 

1      Geometric  Mean 

Chloroform 

70 

59 

1,1, 1-Trichloroethane 

58 

60 

Trichloroethylene 

77 

76 

Toluene 

97 

93 

Ethylbenzene 

94 

80 

Tetrachloroethylene 

70 

52 

1 , 4-Dichlorobenzene 

67 

65 

Benzene 

63 

57 

p&m-Xylene 

97 

93 

o-Xylene 

95 

88 
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5.2.3.3 


PAHs 


As  identified  in  Section  2.3,3,  only  about  thirty  percent  of 
influent  and  effluent  samples  at  the  Gait  STP  were  analyzed 
for  PAHs.   Table  56  summarizes  the  frequency  of  detection  of 
selected  PAHs  in  these  samples. 


Table  56 
FREQUENCY  OF  DETECTION  OF  PAHs  AT  GALT  STP 


Frequency  of  Detection 


In 

fluent 

Effluent 

Compound 

>  MDL* 

Trace 
0 

Range 
(yg/L) 

ND 

>  MDL   > 

Trace 

Range 
(yg/L) 

Acenaphthene 

0 

0 

0 

ND 

Acenaphthylene 

0 

0 

ND 

0 

0 

ND 

Anthracene 

0 

0 

ND 

0 

0 

ND 

Phenanthrene 

62 

67 

ND-8.9 

54 

80 

ND-1.1 

Benzo (a) anthracene 

0 

0 

ND 

0 

0 

ND 

Chrysene 

0 

0 

ND 

0 

0 

ND 

Benzo (b) f luoranthene 

0 

0 

ND 

0 

3 

ND-Trace 

Benzo (k) f luoranthene 

0 

0 

ND 

0 

0 

ND 

Benzo (ghi)perylene 

0 

0 

ND 

3 

3 

ND-1.0 

Dibenzo (ah) anthracene 

0 

0 

ND 

0 

0 

ND 

Fluoranthene 

0 

0 

ND 

0 

0 

ND 

Fluorene 

53 

62 

ND-87 

94 

94 

ND-15.0 

Indeno (1,2, 3-cd) pyrene 

0 

0 

ND 

0 

0 

ND 

Naphthalene 

35 

35 

ND-100 

0 

0 

ND 

Pyrene 

0 

0 

ND 

0 

3 

ND-Trace 

Benzo (a) pyrene 

0 
to  sample 

0 
depend 

ND       0 
ing  on  extraction 

3 
volume 

ND-Trace 

*MDL  varied  from  sample 

;  and 

sample  type  but  generally  was 

in 

the  ra 

nge  of  0 

05  ug/L 

to  0.5 

yg/L. 

Only  three  PAHs  -  phenanthrene,  fluorene  and  naphthalene  - 
were  identified  in  any  influent  samples.   Of  these  three 
compounds,  both  phenanthrene  and  fluorene  were  present  at 
concentrations  exceeding  the  MDL  in  more  than  50  percent  of 
samples.   Naphthalene  was  never  identified,  even  at  trace 
levels,  in  an  effluent  sample.   Both  phenanthrene  and 
fluorene  were  quantified  in  more  than  50  percent  of  effluent 
samples.   Frequency  distributions  of  influent  and  effluent 
concentrations  of  phenanthrene  and  fluorene  are  shown  in 
Figures  124  and  125  respectively.   Statistics  characterizing 
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these  distributions  are  presented  in  Table  57.   These  data 
suggest  a  removal  efficiency  of  approximately  55  percent  for 
phenanthrene,  based  on  geometric  mean  concentrations.   The 
concentrations  of  fluorene  were  higher  in  the  effluent  sam- 
ples than  in  the  influent  samples,  despite  similar  analyt- 
ical recoveries.   The  cause  of  this  anomaly  is  unknown. 

Recovery  of  the  surrogate,  terphenyl,  from  raw  wastewaters 
at  the  Gait  STP  was  slightly  better  than  achieved  at 
Waterloo  or  Welland,  averaging  39.3  percent,  but  was  also 
more  variable  (+  18.2  percent).   Recoveries  in  secondary 
effluents  were  comparable  to  that  achieved  at  Welland  and 
Waterloo,  averaging  35.5  percent,  but  also  showed  greater 
variability  (+  16.2  percent). 


5. 3       Variability  of  Trace  Contaminant  Concentrations 

The  relative  variability  of  the  influent  and  effluent  con- 
centrations of  selected  conventional  contaminants,  metals 
and  trace  organics  is  summarized  in  Table  58,  in  terms  of 
the  relative  standard  deviation  (RDS,  percent)  and  the  ratio 
of  the  95th  percentile  concentration  to  the  geometric  mean. 

As  was  the  case  at  both  Welland  and  Waterloo  STPs,  conven- 
tional parameters  were  generally  more  variable  in  the  Gait 
STP  influent  than  in  the  effluent,  with  the  exception  of 
filtered  phosphorus.   The  effluent  filtered  phosphorus  con- 
centrations were  affected  by  the  plant's  experimentation 
with  ferrous  chloride  during  the  monitoring  period. 

Metal  species  generally  were  more  variable  in  the  influent 
at  the  Gait  STP  than  at  either  of  the  other  two  plants  moni- 
tored.  Cadmium,  chromium,  copper,  nickel,  lead  and  zinc 
influent  sequences  all  exhibited  significant  peaks  over  the 
monitoring  period.   In  all  cases  except  zinc,  these  influent 
peaks  were  removed  to  a  high  degree  across  the  treatment 
plant  and  effluents  showed  less  variability  than  influents 
in  terms  of  the  'RSD  and  the  ratio  of  95th  percentile  value 
to  geometric  mean.   Generally,  metals  appeared  to  be  more 
variable  in  both  influents  and  effluents  than  the  conven- 
tional contaminants. 
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For  trace  organics  identified  frequently  in  influents  and 
effluents  at  the  Gait  STP,  some  chlorinated  compounds  such 
as  trichloroethylene,  1 , 4-dichlorobenzene  and  1,1,1-tri- 
chloroethane  exhibited  minimal  variability  in  the  influents, 
being  present  in  most  samples  at  a  consistent  low  concentra- 
tion.  Other  chlorinated  compounds,  including  chloroform  and 
tetrachloroethylene,  and  aromatic  hydrocarbons,  such  as 
xylene  isomers,  toluene  and  ethylbenzene,  showed  extreme 
influent  variability.   In  virtually  all  cases,  this  vari- 
abiity  was  reduced  significantly  across  the  treatment  plant 
although  the  variability  of  some  organics  including  p&m- 
xylene  and  tetrachloroethylene  was  still  relatively  high. 

Table  59  compares  the  variability  of  the  conventional  con- 
taminants, metal  species  and  selected  organics  as  groups  to 
each  other  and  influent  to  effluent  based  on  the  normalized 
variance  of  each  category  of  compounds. 


Table  59 
COMPARISON  OF  INFLUENT  AND  EFFLUENT  VARIABILITY  AT  GALT  STP 


Normalized  Variance 

Contaminant  Group 

Convent ionals* 

Metals** 

Organics*** 


Influent 

0 

279 

5 

21 

4 

25 

Effluent 

0 

099 

0 

296 

1 

08 

*  Conventionals  includes  FOC,  TSS ,  TP,  Filt.  P 
**  Metals  includes  Cd,  Cr,  Cu,  Ni,  Pb,  Zn 
**  Organics  includes  total  phenols,  chloroform, 
1,1, 1-trichloroethane ,  trichloroethylene 
p&m-xylene,  o-xylene,  1 , 4-dichlorobenzene 


In  all  cases,  effluents  were  significantly  less  variable  in 
concentration  than  influents  and  both  metals  and  organics 
showed  a  higher  degree  of  variability  than  conventional  con- 
taminants.  The  Gait  data,  like  the  data  for  both  Waterloo 
and  Welland,  also  indicate  that  the  metal  species  were  less 
variable  in  the  effluents  than  the  organic  compounds.   How- 
ever, at  Gait,  metals  were  more  variable  than  organics  in 
the  influent. 
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In  terms  of  the  established  criterion  of  variability  {95th 
percentile  concentration  exceeds  geometric  mean  by  a  factor 
of  2.0),  filtered  phosphorus  was  the  only  conventional  con- 
taminant which  would  be  considered  to  exhibit  significant 
variability  in  both  influents  and  effluents.   The  effluent 
data,  as  noted,  are  influenced  by  the  experimentation  with 
ferrous  chloride.   All  of  the  metal  species  exhibited  sig- 
nificant variability  in  the  Gait  STP  influent,  but  only 
cadmium,  nickel  and  zinc  exceeded  the  variability  criterion 
in  the  effluent.   Of  the  organic  species  summarized  in  Table 
58,  seven  compounds  (phenols,  chloroform,  p&m-xylene, 
o-xylene,  ethylbenzene  and  tetrachloroethylene)  exceeded  the 
criterion  in  the  influent  stream.   Five  of  these  compounds 
(chloroform,  toluene,  p&m-xylene,  o-xylene  and  ethylbenzene) 
exceeded  the  criterion  in  the  effluent.   Four  of  the  five 
compounds  which  exhibited  significant  variability  in  the 
Gait  STP  effluent  were  aromatic  hydrocarbons. 


5. 4       Toxicity  of  Influents  and  Effluents 

The  results  of  the  48-hour  Daphnia  and  96-hour  rainbow  trout 
acute  toxicity  and  Ceriodaphnia  chronic  bioassays  performed 
on  the  Gait  STP  effluents  are  shown  in  Table  60.   Daphnia 
mortality  generally  occurred  within  the  first  24-hours  of 
the  testing  period,  while  Ceriodaphnia  mortality  occurred 
after  three  to  four  testing  days. 

5.4.1     Waste  Loading  and  Treatment 

Influent  was  acutely  lethal  (greater  than  50  percent  mortal- 
ity) to  Daphnia  on  two  occasions  during  'high  load'  and  on 
no  occasions  during  'low  load';  although  low-level  mortality 
(up  to  40  percent)  was  observed  in  five  samples  from  both 
loading  conditions.   Two  influent  samples  were  also  lethal 
to  rainbow  trout  during  high  waste  loading  but  not  low  load- 
ing.  Some  effluent  toxicity  still  occurred  after  secondary 
treatment,  with  the  occurrence  of  low-level  and  acute 
lethality  being  more  frequent  during  high  waste  load  condi- 
tions.  This  suggests  that  loading  in  itself  is  not  a  good 
indicator  of  toxicity  occurrence  in  the  effluent,  but 
suggests  that  high  loading  conditions  may  lead  to  elevated 
effluent  toxicity. 
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5.4.2     Chlorine 

Chlorination  of  secondary  effluent  did  not  alter  the  toxi- 
city to  Daphnia  in  a  consistent  manner.   Samples  of  non- 
chlorinated  and  chlorinated  samples  were  both  non-lethal  on 
twelve  occasions.   Two  chlorinated  samples  were  more  acutely 
toxic  than  comparable  non-chlorinated  samples.   Total  resi- 
dual chlorine  (TRC)  is  often  dissipated  during  the  aeration 
of  toxicity  tests,  therefore  the  initial  TRC  measurement  is 
not  necessarily  representative  of  the  48-hour  exposure  con- 
centration.  Consequently  it  is  not  surprising  that  chlorine 
toxicity  is  poorly  expressed. 

Chlorine  is  the  most  obvious  potential  toxicant  in  chlor- 
inated effluent  samples.   Studies  of  chlorine 
toxicity    '   '     indicated  that  residual  chlorine  toxicity 
is  species-  and  time-dependent.   Arthur  et  a^^     clearly 
identified  the  greater  sensitivity  of  fish  (brook  trout, 
coho  salmon,  fathead,  sucker,  walleye)  to  chlorinated  sewage 
effluent  than  invertebrates  (gammarus,  stonefly,  caddisfly, 
crayfish,  snails) .   The  7-day  LC50  values  for  fish  ranged 
from  0.08  to  0.26  mg  TRC/L,  and  for  invertebrates  from  0.2 
to  greater  than  0 . 8  mg  TRC/L.   Larson  et  a].      identified 
that  trout  (coho,  salmon,  brook  trout,  cutthroat  trout) ,  may 
live  indefinitely  at  TRC  concentrations  near  0.05  mg/L. 
While  some  of  the  TRC  values  reported  in  this  study  exceeded 
these  levels,  no  relationship  exists  between  the  concentra- 
tions measured  and  observed  lethality.   It  is  well  recog- 
nized that  sample  aeration  during  tests  causes  chlorine  con- 
centrations to  decline  exponentially.   In  addition,  the  DPD 
method  of  TRC  analysis  does  not  provided  accurate  TRC  mea- 
surements under  approximately  0.05  mg/L.   Therefore,  the 
above  discrepancies  between  chlorine  toxicity  and  organism 
sensitivity  may  be  accounted  for  by  dynamic  changes  in  TRC 
concentrations  in  the  test  vessel  and  poor  detection  limits 
for  the  DPD  analytical  method.   No  conclusions  can  be  drawn 
concerning  the  importance  of  TRC  from  this  study.   Future 
tests  employing  continuous  flow  to  ensure  consistent  TRC 
levels  and  more  sensitive  analytical  measurement  would  clar- 
ify this  issue. 
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5.4.3  Ammonia 

Rainbow  trout  lethality  was  observed  in  only  two  of  the  four 
influent  samples  tested.   Since  the  influent  was  not  chlor- 
inated, ammonia  was  one  alternative  measured  toxicant.   The 
documented  rainbow  trout  96-hour  LC50  values  for  ammonia 
range  from  0.1  to  2.0  mg  un-ionized  ammonia/L.   The  esti- 
mated 96-hour  LC50  for  un-ionized  ammonia  tested  at  pH  7.8 
would  be  0.5  mg/L.   The  two  influent  samples  from  Gait  which 
caused  lethality  among  rainbow  trout  contained  un-ionized 
ammonia  concentrations  of  0.51  and  1.32  mg/L,  indicating 
that  ammonia  was  the  likely  cause  of  lethality.   The  samples 
which  were  non-lethal  to  rainbow  trout  contained  levels  of 
only  0.19  and  0.21  mg  un-ionized  ammonia/L. 

Daphnia  are  less  sensitive  to  ammonia  than  trout  with  LC50s 
generally  in  the  range  of  2  to  3  mg  NH^/L    '    .   The  two 
influent  samples  which  were  lethal  to  Daphnia  contained  un- 
ionized ammonia  of  0.96  and  1.63  mg  NH^/L.   Un-ionized  ammo- 
nia levels  were  sufficient  to  potentially  contribute  to  the 
toxicity  of  lethal  effluents.   However,  some  non-lethal  sam- 
ples also  contained  equal  or  greater  ammonia  levels,  indi- 
cating that  other  contaminants  must  have  been  present  in  the 
above  lethal  samples.   Daphnia  toxicity  also  decreased  after 
lethal  samples  were  treated  with  clinoptilolite  resin  to 
remove  ammonia.   Other  toxic  contaminants  may  have  also  been 
removed  from  that  sample  since  two  other  samples  with  high 
un-ionized  ammonia  (06  October,  10:00,  1.32  mg/L  and  08 
October,  10:00,  2.93  mg/L)  were  not  acutely  lethal.   Clino- 
ptilolite treatment  potentially  exchanged  other  cation  toxi- 
cants from  the  sample,  such  as  Cu    or  Zn   which  can  also 
be  lethal  to  Daphnia^^^\ 

5.4.4  Inorganics  and  Organics 

The  concentrations  of  some  inorganic  and  organic  contami- 
nants were  measured  in  influent  and  effluent  samples  (Tables 
61  and  62,  respectively).   The  samples  which  were  lethal  to 
Daphnia  and  rainbow  trout  are  indicated.   Table  28  presented 
the  range  of  documented  toxic  concentrations  for  the  same 
contaminants.   It  is  clear  that  no  one  contaminant  of  those 
measured  was  present  in  all  samples  to  consistently  account 
for  the  observed  lethality.   For  example,  copper  and  zinc 
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were  measured  in  excess  of  reported  LC50s  in  many  cases  but 
lethality  did  not  always  occur,  therefore  their  roles  in  the 
expressed  toxicity  are  uncertain.   It  is  generally  consid- 
ered that  contaminants  present  at  less  than  0.2  of  their 
LC50  do  not  significantly  contribute  to  acute  lethality  in  a 
toxicant  mixture    '    .   Cadmium,  nickel  and  lead,  were  not 
likely  important  toxic  contributors  because  measured  concen- 
trations were  almost  always  less  than  0.2  of  respective 
documented  96-hour  LC50  concentrations. 

Among  organics,  only  the  influent  xylene  concentration  of 
September  30  appears  to  be  a  probable  source  of  toxicity  to 
Daphnia  since  all  other  contaminants  measured  were  well 
below  acutely  lethal  levels.   No  effluent  samples  contained 
toxic  levels  of  organics. 

Most  acutely  lethal  samples  were  taken  during  high  waste 
load  (high  flow)  conditions.   This  may  be  related  to 
increased  industrial  input  of  some  toxic  contaminants  which, 
in  addition  to  high  levels  of  ammonia,  resulted  in  lethality 
to  organisms. 

5.4.5     Chronic  Toxicity  Tests 

Comparison  of  Ceriodaphnia  7-day  LC50  with  48-hour  Daphnia 
LC50  (Table  60)  suggests  that  Ceriodaphnia  were  more  sensi- 
tive.  However,  review  of  48-hour  mortality  data  for  both 
Daphnia  and  Ceriodaphnia  shows  that  the  effluents  were  non- 
lethal  over  that  exposure  period.   The  greater  apparent  sen- 
sitivity of  Ceriodaphnia  is  clearly  a  result  of  longer  expo- 
sure in  this  case.   Ceriodaphnia  7-day  LC50s  were  lower  than 
either  rainbow  trout  96-hour  and  Daphnia  48-hour  LC50s 
except  for  the  October  5  "high  flow"  sample.   However  clino- 
ptilolite  treatment  of  that  sample  virtually  eliminated 
toxicity  to  Daphnia  suggesting  that  Ceriodaphnia  are  either 
more  tolerant  of  aimnonia  and/or  other  cation  toxicants  than 
Daphnia. 

The  sublethal  toxicity  results  of  the  four  Gait  STP  chlo- 
rinated/treated effluent  samples  are  presented  in  Tables  63, 
64,  65  and  66.   The  chronic  effect  value  is  derived  by  cal- 
culating the  geometric  mean  of  the  "no  observed  effect 
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Table    63 

CERIODAPHNIA  REPRODUCTIVE  INHIBITION 
Number  of  young  produced  by  CeriodaF)hnia  exposed  to  Gait  STP 
chlorinated/treated  effluent  collected  on  05  October  1986  at  10:00 
(high  flow). 


Ceriodaphnia  

Replicates  Control        1 


Effluent  Concentration  (96  v/v) 


10 


20 


30 


50 


100 


2^ 

21 

12 

19 

15 

23 

20 

20 

0 

19 

16 

214 

15 

22 

20 

25 

2U 

0 

19 

0 

12 

12 

19 

I'* 

30 

16 

0 

20 

10 

0 

5 

18 

17 

30 

15 

0 

0 

11 

17 

22 

10 

25 

9 

6 

0 

9 

21 

27 

16 

21 

25 

20 

11 

0 

19 

8 

9 

0 

2U 

32 

20 

27 

5 

11 

11 

0 

25 

29 

26 

21 

19 

I 

25 

6 

25 

15 

\7 

37 

23 

20 

1 

11 

16 

8 

10 

n 

25 

20 

12 

0 

TOTAL 


157  120  130  103 


186        220(s)     222(s)        170 


NOEC  =   50% 

LOEC  =    100% 

Chronic  Value       =71% 

(s)  Stimulatory  effect  p<0.05. 

*  Significant  reduction  compared  to  control  p<0.05. 
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Table    64 

CERIODAPHNIA  REPRODUCTIVE  INHIBITION 
Number  of  young  produced  by  Ceriodaphnia  exposed  to  Gait  STP 
chlorinated/treated  effluent  collected  on  06  October  1986  at  10:00 
(high  flow). 


Ceriodaphnia 
Replicates 


Control 


Effluent  Concentration  (%  v/v) 


10 


20 


30 


50 


100 


13 

3 

0 

19 

18 

17 

8 

6 

0 

23 

15 

I'f 

I'f 

19 

9 

1^ 

6 

0 

26 

0 

16 

U 

11 

16 

11 

5 

0 

15 

20 

[It 

[U 

20 

15 

11 

0 

0 

22 

1^ 

18 

15 

1 

5 

6 

0 

0 

16 

5 

9 

0 

26 

9 

8 

6 

0 

0 

18 

9 

0 

22 

15 

11 

7 

0 

15 

6 

8 

12 

20 

0 

13 

0 

0 

19 

5 

15 

16 

0 

13 

7 

5 

0 

27 

17 

5 

21 

16 

18 

13 

7 

0 

TOTAL 


176 


105 


108 


115 


153 


117 


102 


U2* 


NOEC  =  30% 

LOEC  =  50% 

Chronic  Value       =   39% 

*  Significant  reduction  compared  to  control  p<0.05. 
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Table   6  5 

CERIODAPHNIA  REPRODUCTIVE  INHIBITION 
Number  of  young  produced  by  Ceriodaphnia  exposed  to  Gait  STP 
chlorinated/treated  effluent  collected  on  07  October  1986  at  0^:00 
(low  flow). 


Ceriodaphnia  

Replicates  Control        1 


Effluent  Concentration  (%  v/v) 


10 


20 


30 


50 


100 


I'^ 

19 

20 

22 

5 

24 

29 

24 

0 

15 

13 

16 

21 

20 

24 

19 

14 

0 

0 

23 

0 

13 

18 

36 

15 

23 

1 

1* 

21 

15 

28 

0 

24 

29 

27 

0 

20 

25 

25 

20 

27 

31 

26 

19 

4 

14 

13 

23 

27 

16 

28 

38 

25 

0 

23 

7 

20 

14 

10 

32 

31 

16 

0 

23 

2U 

22 

17 

17 

42 

29 

17 

0 

0 

8 

16 

24 

25 

29 

28 

22 

0 

lU 

9 

I'* 

17 

20 

30 

32 

34 

2 

TOTAL 


157 


162 


171 


203 


158        300(s)     276(s)        221 


NO  EC  =  50% 

LOEC  =   100% 

Chronic  Value       =71% 

(s)  Stimulatory  effect  p<0.05. 

*  Significant  reduction  compared  to  control  p<0.05. 
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Table    66 

CERIODAPHNIA  REPRODUCTIVE  INHIBITION 
Number  of  young  produced  by  Ceriodaphnia  exposed  to  Gait  STP 
chlorinated/treated  effluent  collected  on  08  October  19S6  at  0^:00 
(low  flow) 


Ceriodaphnia  

Replicates  Control        1 


Effluent  Concentration  (%  v/v) 


10 


20 


30 


50 


100 


22 

13 

12 

9 

22 

19 

19 

23 

0 

19 

10 

19 

21 

25 

10 

2^ 

18 

1 

16 

11 

22 

18 

25 

2^ 

11 

22 

0 

2^ 

I'f 

16 

22 

11 

13 

17 

21 

0 

27 

19 

N 

19 

27 

27 

17 

1^ 

0 

18 

1^ 

19 

25 

20 

27 

30 

15 

3 

19 

28 

20 

2U 

19 

3^ 

28 

17 

0 

12 

17 

2ii 

16 

13 

0 

37 

20 

0 

15 

25 

28 

20 

36 

25 

26 

17 

1 

20 

5 

31 

22 

17 

33 

26 

1^ 

0 

TOTAL 


192 


156 


205 


196 


215 


212 


235 


181 


NOEC  =  50% 

LOEC  =   100% 

Chronic  Value       =71% 


♦  Significant  reduction  compared  to  control  p<0.05. 
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concentration"  (NOEC)  and  the  "lowest  observed  effect  con- 
centration" (LOEC) .   The  calculated  chronic  values  for  "low 
waste  load"  samples  were  both  71  percent;  the  "high  waste 
load"  chronic  values  were  71  percent  to  39  percent  (v/v) . 

In  two  cases,  an  intermediate  stimulatory  effect  (increased 
production  of  young)  was  observed  in  the  Ceriodaphnia  repro- 
duction test.   However,  the  chronic  effect  value  was  based 
on  concentrations  that  resulted  in  reduced  productivity  of 
young. 

Effluent  concentrations  inhibiting  Ceriodaphnia  reproduction 
were  lower  than  any  of  the  LC50  values  for  rainbow  trout  and 
Daphnia,  again  except  for  the  October  5  "high  flow"  sample. 
This  clearly  demonstrates  the  greater  sensitivity  of  the 
Ceriodaphnia  reproductive  response.   Comparison  of 
Ceriodaphnia  7  day  LC50  values  with  reproductive  inhibition 
concentrations  indicates  the  latter  to  be  about  20  percent 
more  sensitive  (mean  difference  0.18  ±  0.1  SD) . 


5.5       Prediction  of  Gait  STP  Influent  Quality 

As  was  the  case  for  both  the  Waterloo  and  Welland  STPs,  the 
dry  weather  flow  component  of  HAZPRED  was  used  to  predict 
the  influent  concentrations  of  selected  metals  and  trace 
organics  to  the  Gait  STP.   The  industrial  contributors  were 
summarized  in  Table  13,  based  on  data  provided  by  the 
Regional  Municipality  of  Waterloo.   From  these  data  and 
estimates  of  the  commercial  and  domestic  flow,  concentra- 
tions of  heavy  metals  and  prevalent  organic  compounds  were 
developed  by  HAZPRED.   The  organics  which  were  included  in 
the  prediction  were  chloroform,  toluene,  benzene,  trichloro- 
ethylene,  ethylbenzene,  tetrachloroethylene  and  1,2-dichlo- 
robenzene. 

Table  67  compares  the  predicted  and  observed  geometric  mean 
concentrations  for  the  selected  compounds,  in  terms  of  the 
logarithmic  ratio.   All  metals  were  predicted  to  within  0.5 
logarithmic  units  with  the  exception  of  lead  which  was  pre- 
dicted to  be  almost  an  order-of-magnitude  higher  than 
observed  (logarithmic  ratio  =  -0.94).   With  the  exception  of 
copper,  the  predicted  value  was  higher  than  the  observed 
mean  value. 
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Table  67 

COMPARISON  OF  PREDICTED  AND  OBSERVED  INFLUENT 

CONCENTRATIONS  AT  GALT  STP 

Concentration  (yg/L) 


Contaminant 

Observed 

Chloroform 

2.20 

Toluene 

4.10 

Benzene 

0.70 

Trichloroethylene 

4.20 

Cadmium 

3.50 

Chromium 

56.30 

Copper 

125.00 

Lead 

11.10 

Nickel 

40.10 

Zinc 

172.00 

Ethylbenzene 

15.99 

Tetrachloroethene 

11.40 

1 , 2-Dichlorobenzene 

2.23 

Predicted 

Log  Ratio 

10.42 

-0.68 

33.62 

-0.91 

118.92 

-2.23 

10.31 

-0.39 

8.53 

-0.39 

106.12 

-0.28 

63.59 

0.29 

95.61 

-0.94 

56.13 

-0.15 

330.54 

-0.28 

1.50 

1.03 

6.90 

0.22 

1.10 

0.31 

Similarly,  for  organic  compounds,  agreement  between  the 
observed  and  predicted  values  was  generally  within  an  order- 
of-magnitude.   Exceptions  were  ethylbenzene,  which  was  pre- 
dicted to  be  significantly  lower  than  observed,  and  benzene, 
which  was  predicted  to  be  more  than  two  orders-of-magnitude 
higher  than  observed. 

In  the  case  of  the  Gait  STP,  the  average  flow  predicted  by 
HAZPRED  (29,023  m^/d)  was  approximately  twenty  percent  lower 
than  the  measured  flow  during  the  sampling  period.   Thus, 
the  contaminant  loadings  predicted  by  HAZPRED  would  gener- 
ally agree  better  with  the  observed  values  than  the  concen- 
trations presented  in  Table  67  since  concentrations  were 
normally  overestimated.   A  similar  pattern  was  observed  when 
HAZPRED  was  applied  at  the  Waterloo  STP. 
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6.0        DEVELOPMENT  OF  DYNAMIC  MODELS 


6 . 1       Modelling  Approach 

The  technique  of  time  series  analysis  was  used  to  develop 
models  describing  the  dynamic  response  characteristics  of 
the  full-scale  wastewater  treatment  facility  to  changes  in 
influent  concentrations  of  selected  metals  and  trace  orga- 
nics.   TiW?  series  analysis,  as  described  by  Box  and 
Jenkins     ,  involves  the  development  of  relationships 
between  an  observed  series  of  process  outputs  (Y  )  sequen- 
tial in  time  and  a  similar  series  of  process  inputs  (X  ) . 
Predictive  models  called  transfer  function-noise  models  are 
developed  and  their  statistical  validity  is  verified  using 
the  Box- Jenkins'  techniques.   These  models  have  the  form: 


2  s  b 

I)  -U)  B-(i)  B  - -u)  B  )B 

0  12  s 


(1-6  B-6  B^- -6  8"^)    ^    (1-B)   (1-4.  B- -4,8^ 

12  r  1  p 


where:     Y   =  system  response  (deviation  from  the  mean)  at 
time  t, 
X   =  system  input  (deviation  from  the  mean)  at 
time  t, 
6,0)  =  transfer  function  model  parameters, 
r,s  =  transfer  function  model  orders, 
b  =  system  delay  period 

B   =  backward  shift  operator,  e.g.  B     =  Y 
Q,(P   =   noise  model  parameters, 
p,d,q  =  noise  model  orders, 

a   =  white  noise  sequence  with  zero  mean  and  con- 
stant variance. 

From  the  model  parameters  (6,  w,  b) ,  it  was  possible  to 
estimate  the  time  required  for  the  process  to  achieve  a  new 
steady  state  value  after  a  step  change  in  process  input  or 
the  time  to  return  to  steady  state  after  a  shock  load  has 
been  experienced  (the  response  time)  and  the  magnitude  of 
the  change  in  output  from  a  known  change  in  input  concentra- 
tion (gain) .   This  is  valuable  information  in  the  descrip- 
tive analysis  of  processes  susceptible  to  inputs  which  are 
variable  in  time  and  in  the  design  of  management  approaches 
to  reduce  the  impact  of  variable  or  shock  loads  on  a  system. 
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Similar  modelling  approaches  have  been  used  to  describe  the 
non-steady  state  removal  of  conventional  contaminants  in 
activated  sludge  systems     ,  rotating  biological  contac- 
tors     and  biological  fluidized  beds 

Construction  of  the  transfer  function  -  noise  models  in- 
volved an  iterative  procedure  to  estimate  model  parameters 
and  to  test  residuals  to  determine  the  adequacy  of  the 
model.   The  forms  of  the  transfer  function  models  were  iden- 
tified based  on  the  cross-correlation  between  inputs  and 
outputs  of  selected  contaminants.   The  forms  of  the  noise 
models  were  identified  from  the  residuals  of  the  fitted 
transfer  function  models.   The  parameters  of  the  combined 
transfer  function  -  noise  models  were  estimated  using  non- 
linear least  squares  regression  and  the  model  adequacies 
were  verified  by  diagnostic  checks  on  the  final  residuals. 

Examination  of  the  chronological  data,  the  autocorrelation 
function  (ACF)  of  the  series  of  process  inputs  and  the  expe- 
rience gained  from  initial  fitting  of  tentative  transfer 
function  -  noise  models  suggested  that  strong  diurnal 
effects  were  present  in  the  trace  contaminant  data.   For 
example,  Figure  126a  shows  the  ACF  for  the  influent  tetra- 
chloroethylene  concentration  series  at  the  Gait  STP.   The 
ACF  shows  significant  low-lag  correlation  and  significant 
correlation  in  the  vicinity  of  the  12th  lag,  corresponding 
to  a  24  hour  diurnal  variation  in  concentration.   Diurnal 
effects  make  transfer  function  -  noise  model  identification 
difficult.   Thus,  a  "seasonal"  model  as  described  by  Box  and 
Jenkins  was  used  to  "prewhiten"  the  input  series.   With  the 
exception  of  a  significant  value  at  one  high  lag  (16)  ,  pre- 
whitening  transformed  the  correlated  input  series  to  an  un- 
correlated  white  noise  series  as  illustrated  by  the  ACF  of 
the  prewhitened  input  residuals  (Figure  126b) .   The  seasonal 
model  was  used  to  transform  the  effluent  concentration 
series  prior  to  generation  of  the  cross-correlation  function 
(CCF)  to  facilitate  transfer  function  model  identification. 
Figure  126c  shows  the  CCF  between  the  prewhitened  input 
series  and  transformed  output  for  the  sequence.   The  CCF 
shows  two  periods  of  delay  prior  to  a  significant  response 
in  the  effluent  due  to  an  input  perturbation  followed  by  an 
additional  significant  value  at  lag  4.   A  first-order  trans- 
fer function  model  of  the  form  (1  -  6B)Y   =  w  B  X  was 
selected  to  represent  the  relationship  between  these  series. 
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FIGURE  126  :  AUTO  AND  CROSS  CORRELATION  FUNCTIONS  FOR 
TETRACHLOROETHYLENE  MODEL  BUILDING    (GALT  STP) 


The  CCF  between  the  residuals  of  this  model  and  the  pre- 
whitened  input  indicated  that  the  transfer  function  ade- 
quately described  effluent  variations  cause  by  variations  in 
the  influent  (Figure  126d) .   The  ACF  of  the  residuals  of  the 
pure  transfer  function  model  (Figure  126e)  suggested  that  a 
second  order  moving  average  model  was  required  to  describe 
the  noise  term.   Therefore,  this  noise  structure  was  used  to 
fit  the  combined  transfer  function  -  noise  model  for  tetra- 
chloroethylene.   With  this  structure,  the  ACF  of  the  resi- 
duals of  the  fitted  combined  model  was  not  significant 
(Figure  126f)  and,  together  with  the  CCF  of  the  residuals  of 
the  combined  model  and  prewhitened  input,  indicated  that  the 
model  was  adequate.   Similar  approaches  were  used  to  develop 
models  for  other  trace  contaminant  concentration  data  which 
were  presented  in  chronological  form  in  Sections  3,  4,  and  5 
of  the  report. 


6.2       Contaminants  Included  in  the  Models 

Only  contaminants  which  were  detected  in  the  treatment  plant 
influents  and  effluents  more  than  90  percent  of  the  time  at 
concentrations  above  the  detection  limit  and  which  exhibited 
a  statistically  significant  cross-correlation  between  influ- 
ent and  effluent  concentrations  were  selected  for  modelling. 
Of  the  contaminants  which  met  these  criteria,  some  of  the 
metal  species  such  as  cadmium  at  the  Welland  STP  and  at  the 
Waterloo  STP,  were  consistently  quantified  at  concentrations 
near  the  analytical  detection  limit  where  the  resolution  of 
the  analytical  method  (+1  yg/L)  would  not  allow  dependable 
modelling.   Because  of  the  lack  of  information  in  these  con- 
centration sequences,  significant  models  describing  their 
dynamic  behaviour  could  not  be  developed.   Table  68  identi- 
fies contaminants  whose  influent  and  effluent  concentration 
sequences  contained  adequate  variability  and  cross-correla- 
tion to  merit  modelling.   As  is  apparent  from  Table  68,  the 
majority  of  the  modelling  was  done  on  data  collected  at  the 
Gait  STP  where  contaminant  concentrations  were  generally 
higher  and  more  variable  in  both  influent  and  effluent 
samples. 
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Table  68 
TRACE  CONTAMINANTS  SUITABLE  FOR  DYNAMIC  MODELLING 

STP Contaminant Input  (Independent)  Variable 

Gait      Copper  Influent  Concentration 

Zinc  Influent  Concentration 

Chromium  Influent  Concentration 

Tetrachloroethylene  Influent  Concentration 

1 ,4-Dichlorobenzene  Influent  Concentration 

1 , 1, 1-Trichloroethane  Influent  Loading 

Welland    Chromium  Influent  Concentration 

Nickel  Influent  Concentration 

Waterloo   Zinc  Influent  Concentration 


6 . 3       Dynamic  Models 

The  transfer  function  -  noise  models  which  were  developed 
are  presented  in  Table  69.   The  effluent  concentrations  were 
predicted  from  the  influent  concentration  sequences  with  the 
exception  of  the  1 , 1 , 1-trichloroethane  concentration 
sequence  at  the  Gait  STP  which  was  found  to  be  related  to 
the  influent  loading  rather  than  the  influent  concentration. 

Of  the  trace  contaminant  models  developed  for  the  Gait  STP, 
the  effluent  zinc  and  1 , 1 , 1-trichloroethane  responses  were 
described  by  simple  delayed  first  and  zero  order  transfer 
function  models  and  noise  models  which  incorporated  a  term 
to  describe  the  diurnal  (12  lags  or  24  hr)  component  of  the 
data.   The  effluent  copper  and  tetrachloroethylene  transfer 
function  models  were  also  simple  delayed  first-order  models 
but  the  noise  terms  did  not  require  a  diurnal  component. 
The  transfer  function  models  developed  for  chromium  and 
1 ,4-dichlorobenzene  were  multiple  input  models  which  in- 
cluded a  short  delay  term  and  longer  delay  term.   In  the 
case  of  chromium,  the  longer  delay  term  (lag  9)  may  repre- 
sent a  diurnal  effect  not  accurately  defined  by  the  data. 
In  the  case  of  1 , 4-dichlorobenzene ,  the  lack  of  a  delay  term 
(lag  0)  suggests  that  a  change  in  influent  quality  immedi- 
ately produced  a  change  in  effluent  quality.   This  is 
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physically  unlikely  given  the  retention  time  in  the  full- 
scale  facility  and  may  be  an  artifact  associated  with  the 
limited  data  available  for  model  development. 

Models  developed  to  describe  the  dynamic  metal  concentration 
responses  at  Welland  and  Waterloo  were  simple  zero  and 
first-order  transfer  function  models  and  did  not  incorporate 
any  diurnal  characteristic  in  their  noise  model.   The  lag 
between  input  perturbation  and  output  response  varied  from 
approximately  6  hours  for  chromium  to  20  hours  for  nickel. 

Key  dynamic  response  parameters  for  these  trace  contaminants 
are  sunimarized  in  Table  70,  along  with  the  standard  devia- 
tion of  the  model  residuals,  which  provides  an  indication  of 
the  ability  of  the  model  to  fit  the  measured  data.   Overall, 
the  addition  of  the  noise  model  results  in  minimal  improve- 
ment in  the  overall  fit  based  on  the  standard  deviation  of 
the  residuals.   Comparing  the  standard  deviation  of  the 
transfer  function  model  residuals  to  the  arithmetic  mean 
effluent  concentration  for  each  parameter,  the  RSD  ranges 
from  approximately  13  percent  for  chromium  to  approximately 
160  percent  for  TCE. 

The  time  between  the  beginning  of  the  influent  perturbation 
and  the  beginning  of  the  effluent  response  (lag  time)  for 
these  contaminants  varied  between  4  and  20  h,  exclusive  of 
the  questionable  zero  lag  term  in  the  1 , 4-dichlorobenzene 
model.   The  dynamic  response  time  of  the  system  to  the 
influent  perturbations,  reported  as  the  fir,st-order  time 
constant  (t) ,  was  estimated  only  for  tetrachloroethylene, 
zinc  and  chromium  at  the  Gait  STP  and  zinc  at  the  Waterloo 
STP.   The  time  constant,  which  represents  the  time  required 
for  the  effluent  to  achieve  63.2  percent  of  its  final  steady 
state  value  after  initiation  of  the  response  to  a  step 
change  in  influent  conditions,  varied  from  about  5  to  17  h 
for  these  contaminants  compared  to  nominal  plant  HRTs  of 
about  9  h.   The  steady  state  process  gains,  which  indicate 
the  magnitude  of  the  effluent  response  to  a  unit  change  in 
the  influent  variable,  were  lower  than  the  average  removal 
efficiencies  reported  for  these  contaminants,  suggesting 
that  removal  efficiency  improved  at  higher  influent  concen- 
trations.  This  may  be  an  artifact  of  analyzing  effluent 
data  at  close  to  detection  limit  values,  however.   In  this 
situation,  constant  reported  effluent  values  may  result 
despite  significant  increases  in  the  influent  concentration. 
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Figure  127  illustrates  the  ability  of  the  dynamic  models  to 
fit  the  effluent  concentrations  based  on  the  measured  input 
to  the  Gait  STP  for  a  selected  metal  (copper)  and  organic 
compounds  ( tetrachloroethylene) .   In  both  cases,  the 
measured  effluent  concentration  sequence  is  presented  along 
with  the  effluent  concentration  fitted  by  the  transfer  func- 
tion model  alone  and  the  combined  transfer  function  -  noise 
model.   In  both  cases,  the  transfer  function  model  alone 
follows  the  trends  in  the  effluent  data.   Some  improvement 
in  the  overall  model  fit  is  achieved  by  the  addition  of  the 
noise  component.   It  should  be  noted  that  the  comparison  in 
Figure  127  does  not  represent  model  verification  as  these 
are  the  same  data  used  to  generate  the  model  and  not  an 
independent  data  set. 
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7.0        SUMMARY  AND  CONCLUSIONS  OF  FIELD  STUDIES 


The  influent  and  effluent  quality  at  the  three  STPs  included 
in  the  field  sampling  program  are  compared  in  this  section 
of  the  report  from  the  standpoint  of  concentrations,  removal 
efficiency  and  variability.   The  implications  of  the  toxi- 
city testing  and  modelling  activities  are  also  discussed. 


7. 1       Influent  and  Effluent  Concentrations  of  Trace 
Contaminants 

Influent  and  effluent  concentrations  of  heavy  metals  at  the 
three  sampled  STPs  are  summarized  in  Table  71.   It  is  note- 
worthy that  the  Welland  STP,  the  municipal  treatment  plant 
selected  to  represent  the  heavily  industrialized  category, 
had  the  lowest  concentration  of  every  metal  in  its  raw 
wastewater.   On  the  other  hand,  the  Waterloo  STP,  selected 
to  represent  a  primarily  domestic  municipal  facility,  had 
the  highest  influent  concentrations  of  cadmium  and  lead,  and 
concentrations  of  other  metals  near  those  measured  at  the 
Gait  STP.   Influent  concentrations  of  all  contaminants  at 
the  Welland  STP  were  significantly  affected  by  sewage  dilu- 
tion as  a  result  of  extraneous  flows  in  the  collection 
system. 

The  Welland  STP  effluent  also  had  the  lowest  concentrations 
of  all  metals  monitored.   Effluent  concentrations  at  the 
Gait  and  Waterloo  STPs  were  generally  comparable  with  the 
exception  of  copper  and  nickel.   In  these  cases,  the  efflu- 
ent from  the  Waterloo  STP  had  significantly  lower  concentra- 
tions than  the  effluent  from  the  Gait  STP.   In  all  cases, 
cadmium  and  lead  were  present  at  lower  concentrations  in 
both  influents  and  effluents  than  chromium,  copper,  nickel, 
and  zinc. 

Table  72  lists  the  organic  compounds  identified  frequently 
in  the  influent  and  effluent  samples  at  the  three  municipal 
STPs.   Of  the  trace  organics  which  were  included  in  the  ana- 
lytical program,  only  six  compounds  including  phenolics  were 
consistently  quantified  in  influents  and  effluents  at  all 
three  STPs.   Of  these  six  compounds,  two  were  aromatic 
hydrocarbons  -  toluene  and  p&m-xylene  -  and  three  were 
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chlorinated  volatile  organics  -  chloroform,  1 , 4-dichloroben- 
zene  and  trichloroethylene .   With  the  exception  of  total 
phenolics,  none  of  the  organic  compounds  were  found  at  a 
mean  concentration  in  excess  of  10  yg/L.   The  Gait  STP  con- 
tained the  greatest  number  of  organic  compounds  in  the 
influent  and  effluent  streams,  followed  by  the  Waterloo  STP 
and  the  Welland  STP. 

Polyaromatic  hydrocarbons  were  generally  not  found  in  the 
influents  or  the  effluents  at  any  of  the  STPs  sampled.   At 
the  Waterloo  STP,  only  phenanthrene  was  quantified  at  trace 
levels  or  greater  in  more  than  50  percent  of  influent  and 
effluent  samples.   Phenanthrene  was  also  commonly  quantified 
at  the  Welland  and  Gait  STPs,  along  with  fluorene. 


7.2 


Removal  of  Trace  Contaminants  in  Municipal  STPs 


Table  73  compares  the  removal  efficiency  of  heavy  metals 
across  the  three  municipal  STPs,  based  on  the  influent  and 
effluent  geometric  mean  concentrations. 


Table  73 
REMOVAL  OF  HEAVY  METALS  IN  MUNICIPAL  STPs 


Percent  Removal  at  STP 


Metal 


Cadmium 

Chromium 

Copper 

Nickel 

Lead 

Zinc 


Waterloo 


6, 

.8 

41, 

.5 

87, 

.7 

8, 

.5 

58. 

.1 

44. 

.5 

Welland 

Gait 

11.1 

37.1 

38.9 

46.5 

81.2 

62.2 

9.7 

0. 

35.1 

52.2 

66.3 

55.1 

The  removal  efficiencies  measured  generally  aaree  wi1 
values  reported  elsewhere  in  the  literature    ,  and  1 


.th 

the  rel- 
ative order  of  the  metals  in  terms  of  increasing  removal 
efficiency  is  consistent  with  other  data    .   Nickel  was 
generally  removed  with  the  lowest  efficiency.   Copper  and 
zinc  were  the  metals  most  effectively  removed  in  the  munici- 
pal STPs.   The  low  removal  efficiency  reported  for  cadmium 
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at  the  Waterloo  and  Welland  STPs  relates  to  the  low  influent 
concentrations.   Removals  were  generally  lower  at  the  Gait 
STP  than  at  the  other  two  facilities,  possibly  due  to  the 
higher  concentrations  of  suspended  solids  in  the  effluent  at 
Gait  than  at  the  other  two  plants. 

Removal  data  for  organic  contaminants  at  the  three  municipal 
STPs  are  summarized  in  Table  74,  based  on  geometric  mean 
concentrations . 


Table  74 
REMOVAL  OF  TRACE  ORGANICS  IN  MUNICIPAL  STPs 


Percent  Removal  at  STP 


Organic 

Waterloo 

Welland 

Gait 

Total  Phenolics 

84 

79 

82 

Benzene 

79 

- 

57 

Toluene 

91 

>38 

93 

p&m-Xylene 

90 

50 

93 

Chloroform 

71 

79 

59 

1,1, 1-trichloroethane 

45 

- 

60 

1 , 4-dichlorobenzene 

53 

60 

65 

Trichloroethylene 

60 

- 

76 

Ethylbenzene 

- 

- 

80 

Tetrachloroethylene 

- 

- 

52 

o-Xylene 

- 

- 

88 

Removals  generally  exceeded  50  percent  and  were  near  90  per- 
cent for  most  aromatic  hydrocarbons.   In  many  cases,  the 
removal  efficiencies  were  somewhat  lower  than  reported  else- 
where   because  of  the  low  concentrations  present  in  the 
raw  wastewaters. 


7.3       Variability  of  Trace  Contaminants 

At  all  three  STPs,  the  effluents  were  less  variable  in  con- 
centration than  the  influents  for  all  categories  (conven- 
tionals,  metals,  organics)  of  contaminants  based  on  the  nor- 
malized variance  of  selected  compounds  in  each  category. 
The  variability  of  the  metal  concentrations  in  the  Gait  STP 
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influent  was  significantly  greater  than  that  of  the  other 
two  STPs  as  a  result  of  some  high  influent  peaks.   At  the 
other  two  plants,  metals  and  conventional  contaminants 
exhibited  a  similar  degree  of  variability. 

In  all  cases,  organic  contaminants  had  a  greater  degree  of 
variability  in  the  effluents  than  metals  or  conventional 
contaminants.   Metals  as  a  group  were  more  variable  than 
conventionals  in  the  effluent?  from  all  three  STPs. 

Table  75  identifies  the  contaminants  in  influents  and  efflu- 
ents at  each  STP  which  were  found  to  exceed  the  variability 
criterion  (95th  percentile  concentration  exceeds  geometric 
mean  by  a  factor  of  2.0)  established  for  the  study.   With 
the  exception  of  filtered  phosphorus,  none  of  the  conven- 
tionals exceeded  the  criterion  in  the  effluent  although  FOC 
and  TSS  were  generally  found  to  be  variable  in  the  raw 
wastewaters.   Filtered  phosphorus  concentrations  at  both  the 
Waterloo  STP  (loss  of  chemical  feed)  and  at  the  Gait  STP 
(experimentation  with  ferrous  chloride)  were  affected  by 
exceptional  circumstances. 

Of  the  trace  metals,  chromium,  lead  and  zinc  concentrations 
exceeded  the  variability  criterion  in  the  influent  stream  at 
all  three  STPs  and  all  metals  exceeded  the  criterion  in 
influent  samples  at  the  Gait  STP.   None  of  the  metals  ex- 
ceeded the  criterion  in  effluent  samples  at  all  three  STPs. 

Total  phenolics,  chloroform,  toluene  and  p&m-xylene  consis- 
tently exceeded  the  variability  criterion  in  influent  sam- 
ples, but  only  total  phenolics  exceeded  the  criterion  in  all 
three  STP  effluents. 


7.4       Toxicity  of  STP  Influents  and  Effluents 

A  summary  of  the  results  of  toxicity  testing  is  presented  in 
Table  76.   A  detailed  literature  review  dealing  with  toxi- 
city testing  and  reported  lethal  limits  for  a  variety  of 
trace  contaminants  is  incorporated  in  Appendix  II. 
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Gait 


Waterloo 


WeUand 


Table    76 

SUMMARY  OF  RESULTS  FROM  TOXICITY  TESTS  OF  EFFLUENTS 
FROM  GALT,  WATERLOO  ANfD  WELLAND  STPs 


Species 


Effluent  Type 


No.  No.  LC50 

Samples      Lethal        Range 
Test  Type  Tested      Samples         (%) 


Daphnla 

Salmo 

Daphnia 

Daphnla 

Ceriodaphnia 

Ceriodaphnia 

Ceriodaphnia 

Ceriodaphnia 


Raw  Waste 
Raw  Waste 

Secondary,  Non-chlor. 
Secondary,  Chlor. 
Secondary,  Chlor. 
Secondary,  Chlor. 
Secondary,  Non-chlor. 
Secondary,  Non-chlor. 


Acute  LC50 

17 

2 

16  to  G  100 

Acute  LC30 

1* 

2 

56  to  63 

Acute  LC50 

17 

1 

g^toG  100 

Acute  LC50 

17 

2 

66toG  \00 

Chronic  LC50 

2 

1 

76  to  G  100 

Chronic  EC30 

2 

2 

71 

Chronic  LC50 

2 

2 

'/6  to  88 

Chronic  EC50 

2 

2 

39  to  71 

Daphnia 

Salnrx) 

Daphnia 

Salnrio 

Daphnia 

SalnrK) 


Raw  Waste 

Acute  LC50 

10 

5 

9  to  G  100 

Raw  Waste 

Acute  LC50 

H 

3 

38  to  G  100 

Secondary,  Non-chlor. 

Acute  LC50 

10 

0 

GlOO 

Secondary,  Non-chlor. 

Acute  LC50 

4 

0 

G  100 

Secondary,  Chlor. 

Acute  LC50 

13 

0 

G  100 

Secondary,  Chlor. 

Acute  LC50 

4 

0 

G  100 

Daphnia 

Salmo 

Daphnia 

Salmo 

Daphnia 

Daphnia 

Salmo 


Raw  Waste 

Acute  LC50 

10 

1 

71  to  G  100 

Raw  Waste 

Acute  LC50 

4 

t 

71  to  95 

Secondary,  Non-chlor. 

Acute  LC50 

10 

0 

G  100 

Secondary,  Non-chlor. 

Acute  LC50 

k 

0 

G  100 

Secondary,  Chlor. 

Acute  LC50 

11 

4 

8  to  G  100 

Secondary,  Dechlor. 

Acute  LC50 

H 

1 

25  to  G  100 

Secondary,  Chlor. 

Acute  LC50 

H 

0 

G  100 

G  =  greater  than. 
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Two  out  of  17  influent  samples  from  Gait  STP  were  lethal  to 
Daphnia,  while  two  of  four  were  lethal  to  rainbow  trout. 
Two  of  17  and  one  of  17  effluent  samples  were  lethal  to 
Daphnia  after  secondary  treatment  and  chlorination,  respec- 
tively.  The  toxicity  of  the  secondary  treated  waste  samples 
was  not  obviously  different  from  the  influent  samples.   High 
waste  loading  conditions  tended  to  increase  the  occurrence 
of  lethality. 

Ammonia  appeared  to  represent  the  major  toxicant  for  trout, 
but  other  contaminants  were  likely  important  contributors  to 
Daphnia  lethality.   Copper,  zinc  and  xylene  were  possible 
toxic  agents.   No  single  contaminant  could  account  for  all 
the  observed  lethality.   Chlorinated  effluent  samples  were 
not  consistently  different  in  their  toxicity  compared  to 
non-chlorinated  effluent  samples.   This  was  probably  due  to 
total  residual  chlorine  (TRC)  dissipation  during  aeration  of 
the  samples  in  the  test. 

Daphnia  and  trout  demonstrated  inconsistent  sensitivity  to 
toxic  effluents.   This  was  probably  due  to  the  variety  of 
contaminants,  the  variation  of  their  concentrations  among 
samples,  and  the  inherent  difference  in  sensitivity  of  trout 
and  Daphnia  to  specific  contaminants.   Sublethal  tests  with 
Ceriodaphnia  were  more  sensitive  measures  of  effluent  toxi- 
city than  lethal  tests. 

Five  out  of  ten  influent  samples  from  Waterloo  STP  were 
lethal  to  Daphnia,  while  three  of  four  were  lethal  to  trout. 
LCSO's  ranged  from  nine  to  84  among  lethal  samples.   Lethal- 
ity was  more  frequent  during  high  load  conditions. 

Ammonia  was  not  measured  in  the  influent  samples  from 
Waterloo  so  its  role  in  influent  toxicity  is  unknown.   Cop- 
per and  zinc  levels  were  within  the  ranges  of  documented 
LC50's  for  rainbow  trout  and  Daphnia.   All  measured  contami- 
nants (TRC,  NH  ,  metals,  organics)  in  the  secondary  effluent 
were  below  levels  reported  to  be  lethal  to  trout  and 
Daphnia.   The  effluent  samples  were  not  lethal  to  either 
species  following  secondary  treatment  (14  samples) ,  nor 
after  chlorination  (18  samples). 
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No  clear  relationship  was  demonstrated  between  the  relative 
sensitivities  of  rainbow  trout  and  Daphnia.  This  is  due  to 
the  changing  chemical  composition  of  the  effluents  and  dif- 
ferences in  inherent  sensitivity  of  the  species  of  particu- 
lar chemicals'. 

Only  one  of  ten  influent  samples  from  Welland  STP  was  lethal 
to  Daphnia  (71  percent) ,  while  all  four  influent  samples 
tested  with  rainbow  trout  were  acutely  lethal  (71  to  95  per- 
cent) .   No  prechlorination  secondary  effluents  were  acutely 
lethal  to  either  species,  but  four  post-chlorination  samples 
resulted  in  Daphnia  LCSO's  of  8  to  21.   More  acutely  lethal 
samples  were  generated  during  high  load  than  low  load  condi- 
tions . 

Ammonia  was  identified  as  a  likely  source  of  rainbow  trout 
lethality  in  influent  samples.   The  ammonia  levels  measured 
were  well  below  lethal  levels  for  Daphnia,  indicating  that 
other  contaminants  must  have  been  present.   Copper  and  zinc 
were  measured  at  sufficient  levels  to  have  contributed  to 
lethality  in  both  species.   The  assessment  of  chlorination 
effects  on  effluent  toxicity  was  complicated  by  TRC  dissipa- 
tion from  the  test  vessels  and  the  poor  detection  limits  of 
the  analytical  method.   Some  degree  of  toxicity  was  attri- 
buted to  the  presence  of  TRC. 

Overall,  it  was  found  that  ammonia  was  frequently  identified 
as  a  source  of  organism  lethality.   Some  chlorine  toxicity 
was  also  demonstrated,  but  the  test  protocol  (ie.  static, 
with  aeration)  leads  to  chlorine  dissipation  and  inaccurate 
reflection  of  its  potency.   Other  contaminants  contributed 
to  toxicity  in  some  STP  effluents,  such  as  metals,  and  may 
have  been  related,  in  part,  to  the  proportion  of  industrial 
inflow  to  the  STP.   Chemical  analyses  alone  would  not  pro- 
vide a  reliable  estimate  of  STP  effluent  toxicity  since, 
even  when  toxicants  were  measured  at  concentrations  reported 
to  be  lethal,  effluents  were  not  always  lethal  to  Daphnia  or 
trout.   Rainbow  trout  and  Daphnia  differ  in  their  sensitiv- 
ity to  STP  effluents,  indicating  that  neither  should  be  used 
as  a  surrogate  for  the  other  in  toxicity  assessment  of 
effluents.   Sublethal  and  chronic  testing  provided  a  more 
sensitive  measure  of  effluent  toxicity  than  did  tests  of 
acute  lethality.   The  frequency  of  acutely  lethal  effluent 
samples  was  elevated  during  high  wastewater  loading  to  the 
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STPs  (10:00  a.m.  to  noon),  as  compared  to  low  loading  condi- 
tions (4:00  a.m.).   Based  on  these  results,  it  appears  that 
the  process  operating  efficiency  of  an  individual  plant 
largely  determines  effluent  toxicity  with  some  influence 
resulting  from  the  quantity  of  industrial  inflow. 


7. 5       Modelling  of  Trace  Contaminant  Dynamics 

The  results  of  the  time  series  analysis  allow  the  prediction 
of  the  response  of  a  complex  process  to  an  influent  pertur- 
bation without  total  knowledge  of  the  reactions  and  removal 
mechanisms  occurring  in  the  process.   From  the  models  devel- 
oped, STP  supervisors  can  predict  the  response  of  the  efflu- 
ent concentration  to  a  known  or  anticipated  change  in  influ- 
ent characteristics,  as  illustrated  for  a  hypothetical 
influent  perturbation  in  Figure  128  for  tetrachloroethylene. 

As  shown  in  Figure  128(c),  the  delay  time  before  the  change 
in  effluent  quality  occurs  is  predicted  by  the  transfer  func- 
tion component  of  the  dynamic  model,  as  well  as  the  maximum 
concentration  reached  in  the  plant  discharge.   Based  on  these 
models,  regulators  can  define  the  maximum  acceptable  concen- 
tration disturbances  and  durations  which  can  be  tolerated  in 
the  plant  influent  consistent  with  receiving  water  quality 
constraints.   This  information  can  be  used  to  assist  in  the 
development  of  sewer  use  bylaws  to  manage  trace  contaminant 
discharges  to  wastewater  treatment  facilities.   Knowledge  of 
the  dynamic  response  characteristics  of  the  process  can  also 
provide  plant  designers  with  alternatives  to  mitigate  the 
magnitude  of  the  effluent  response  by  alternatives  such  as 
increased  HRT  or  offline  concentration  equalization. 

However,  it  must  be  understood  that  there  is  considerable 
random  variation  in  the  concentration  of  these  trace  contami- 
nants in  STP  effluents.   The  overall  response  of  the  STP  to 
the  pulse  input  of  tetrachloroethylene  is  shown  in  Figure 
128(b)  based  on  the  total  transfer  function-noise  model. 
The  delay  time  is  consistent  with  that  predicted  by  the 
transfer  function  alone  and  the  magnitude  of  the  response  is 
similar;  however,  the  random  variation  which  is  unrelated  to 
influent  quality  is  apparent.   In  the  case  of  many  of  the 
trace  contaminants  measured  in  this  program,  the  effluent 
concentration  patterns  were  totally  random  as  no  discernible 
correlation  to  the  influent  concentration  was  identifiable. 
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FIGURE  128:  RESPONSE  OF  EFFLUENT  TETRACHLOROETHYLENE 
CONCENTRATION  TO  AN  IMPULSE  CHANGE  IN  THE 
INFLUENT  CONCENTRATION 


This  was  also  true  of  some  conventional  contaminants.   Know- 
ledge of  the  noise  component  of  the  effluent  response  im- 
proves the  quality  of  the  model  and  the  ability  to  predict 
the  effluent  response.   It  is  also  essential  that  the  impact 
of  the  noise  component  on  the  measured  effluent  concentra- 
tions be  adequately  considered  in  the  development  of  effluent 
sampling  requirements  and  the  application  of  effluent  quality 
criteria. 

Predictive  models  such  as  those  described  here  can  be  val- 
uable tools  in  developing  strategies  for  the  control  of 
trace  contaminants  in  STPs;  however,  the  ability  of  the  dy- 
namic models  to  accurately  predict  process  response  is  a 
function  of  the  adequacy  of  the  data  used  for  model  identi- 
fication and  construction.   It  is  necessary  that  the  varia- 
tion in  the  input  and  the  output  sequences  are  large,  rela- 
tive to  the  variation  in  the  noise,  and  that  a  large  amount 
of  data  is  available.   In  this  full-scale  investigation, 
there  was  no  ability  to  control  the  influent  quality  to 
ensure  that  an  adequate  response  was  achieved.   In  such 
cases,  only  a  simple  delayed  first-order  model  can  be  justi- 
fied by  the  data  and  only  rough  estimates  of  the  model  form 
may  be  possible.   Further  research  is  needed  to  refine  these 
models  and  to  assess  their  universality  for  the  prediction 
of  the  dynamic  response  characteristics  of  trace  contami- 
nants. 


7.6       Conclusions 

Based  on  the  results  of  the  full-scale  STP  field  sampling 
program,  the  following  conclusions  regarding  the  variability 
of  trace  contaminants  in  municipal  sewage  treatment  plants 
are  valid: 

o    Heavy  metals,  with  the  exception  of  cadmium,  were 
typically  found  at  concentrations  in  the  10  to  200 
pg/L  range  in  influents  to  the  three  STPs  and  were 
generally  reduced  to  the  5  to  50  yg/L  range  in  the 
treated  effluents. 

o    Of  the  trace  organics  included  in  the  analytical 
program,  only  six  compounds  (phenolics,  toluene, 
xylenes,  chloroform,  1 , 4-dichlorobenzene  and  tri- 
chloroethylene)  were  consistently  quantified  in 
influents  and  effluents  at  all  three  STPs.   With 
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the  exception  of  phenolics,  none  of  these  com- 
pounds was  found  at  mean  concentrations  in  excess 
of  10  yg/L.   PAHS  were  generally  not  found  in  the 
influents  or  effluents  at  any  of  the  STPs  sampled. 

Effluents  were  less  variable  in  concentration  than 
influents  for  all  categories  of  contaminants  (con- 
ventionals,  metals,  organics) .   Metals  and  conven- 
tional contaminants  exhibited  a  similar  degree  of 
variability  in  influents  but  were  less  variable 
than  organics.   In  effluents,  organics  were  more 
variable  than  metals  which  were  more  variable  than 
conventional  contaminants. 

Based  on  examination  of  a  wide  range  of  trace 
contaminant  data  (metals,  volatile  organics,  PAHs 
and  total  phenols)  collected  during  this  investi- 
gation, it  was  found  that  municipal  STPs  were 
capable  of  efficient  trace  contaminant  removal  and 
that  the  treatment  processes  at  the  three  STPs 
sampled  significantly  attenuated  the  variability 
identified  in  the  raw  influent. 

For  selected  trace  contaminants,  perturbations  in 
the  influent  characteristics  produced  significant 
responses  in  the  effluent  concentration. 

Time  series  models  were  developed  to  describe  the 
responses  of  full-scale  STPs  to  perturbations  m 
the  influent  characteristics  for  selected  trace 
contaminants.   These  models  provide  useful  infor- 
mation for  the  management  of  trace  contaminants  in 
sewage  collection  systems  and  treatment  facilities. 

Daphnia  and  trout  demonstrated  inconsistent  sensi- 
tivity to  toxic  effluents.   Ammonia  appeared  to 
represent  the  major  toxicant  for  trout  while  other 
contaminants,  possibly  copper,  zinc  and  xylenes, 
were  likely  important  contributors  to  Daphnia 
lethality.   Sublethal  tests  with  Ceriodaphnia  were 
more  sensitive  measures  of  effluent  toxicity  than 
lethal  tests.   Chemical  analyses  alone  did  not 
provide  a  reliable  estimate  of  STP  effluent  tox- 
icity. 
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APPENDIX  I 

COMPARISON  OF  GC-MS  AND  GC  ANALYSES 
OF  VOLATILE  ORGANICS 
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APPENDIX  II 

BIOMONITORING  PROCEDURES  AND 
TECHNICAL  REVIEW 


1.0  INTRODUCTION 

The  Ontario  Ministry  of  the  Environment  has  implemented  a  Municipal  and  Industrial 
Strategy  for  Abatement  (MISA)  of  contaminant  discharges  to  receiving  waters  in  the 
province.  The  two  approaches  being  used  to  set  effluent  limits  in  the  MISA  program  are 
based  on  best  available  technology  (BAT)  and  receiving  water  quality  impact.  The  focus 
of  this  study  describes  the  toxicity  of  three  municipal  sewage  treatment  plant  effluents 
(Gait,  Waterloo  and  Welland).  The  toxicity  testing  represents  a  first  estimate  of  what 
biological  impact  would  result  when  the  effluent  is  discharged  to  the  receiving  water. 
Once  a  sufficiently  broad  profile  of  effluent  toxicity  has  been  established  for  STPs,  then 
minimum  toxicity  performance  limits  can  be  set  for  the  final  effluents,  and  would  be 
considered  achievable  by  all  plants. 

Each  of  the  three  plants  in  the  study  was  a  secondary  treatment  facility  selected  for  the 
representative  nature  of  characteristic  inputs  (e.g.,  residential,  industrial,  or  mixed 
industrial-residential).  Multiple  composite  samples  were  collected  from  the  untreated 
raw  influent,  pre-chlorination  secondary  effluent,  and  post-chlorination  final  effluent 
streams  during  both  high  and  low  wastewater  loading  conditions.  Organic  and  inorganic 
contaminants  were  measured  in  each  of  the  samples  (CANVIRO),  and  selected  samples 
were  evaluated  for  toxicity  (BEAK). 

1.1  Measurement  of  Effluent  Toxicity 

The  term  "toxicity"  refers  to  a  wide  range  of  biological  responses,  all  of  which  represent 
impairment  to  the  normal  functioning  of  an  organism  or  a  community.  A  toxic  response 
in  organisms  results  from  a  critical  exposure  to  chemicals,  compounds  or  a  change  in  the 
physical  environment.  When  toxic  levels  of  contaminants  are  discharged  from  municipal 
or  industrial  sources,  they  often  occur  in  the  presence  of  other  toxicants.  Frequently, 
the  presence  of  one  contaminant  increases  or  decreases  the  toxic  effect  of  another 
contaminant  in  an  effluent.  The  interactions  among  toxicants  will  be  as  numerous  as  the 
number  and  combinations  of  contaminants  in  a  mixed  effluent.  Therefore,  knowing 
toxicant,  concentrations  and  the  period  of  exposure  alone  is  insufficient  to  precisely 
predict  final  toxicity,  because  the  individual  interactions  of  the  toxicants  are  rarely 
quantified. 
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The  simplest  way  to  estimate  the  toxicity  of  a  liquid  effluent  in  a  receiving  water  is  to 
conduct  a  toxicity  test  using  standard  test  organisms  according  to  a  standard  test 
protocol.  The  organisms  used  are  representative  of  those  expected  to  inhabit  the 
receiving  water,  e.g.,  fish,  invertebrates  and  algae.  The  organism  responses  monitored  to 
determine  toxicity  include  lethality,  imF>aired  growth,  impaired  reproduction  or  impaired 
physiological  function.  While  laboratory  tests  can  only  estimate  the  toxic  impact  of  an 
effluent  in  a  receiving  water,  they  are  more  economical  than  similar  tests  that  might 
alternatively  be  conducted  in  the  actual  receiving  water  using  indigenous  organisms. 

The  toxicity  test  takes  the  guessing  out  of  estimating  the  toxicity  of  individual 
compounds  and  the  interaction  with  other  chemicals.  The  results  are  expressed  as  the 
effluent  concentration  or  dilution  required  to  produce  a  response  in  half  (50%)  of  the 
exposed  population,  and/or  the  highest  concentration  that  produces  no-effect  in  the 
exposed  population  (threshold  concentration;  NOEC  -  the  highest  "no  observed  effect 
concentration"). 

The  most  frequent  first-evaluation  of  a  toxicant  is  the  determination  of  the  LC50.  This 
is  the  concentration  which  causes  lethality  in  30%  of  the  organisms  tested,  or  the 
concentration  which  will  kill  an  average  or  typical  test  organism,  within  a  specified  time 
period.  Usually,  a  96-hour  test  is  used  to  determine  the  "acute"  or  short-term  effects  on 
fish  and  macroinvertebrates,  while  a  slightly  shorter  period,  typically  kZ  hours,  is  used 
for  smaller  organisms  (e.g.,  Daphnia).  "Chronic"  tests  are  used  to  measure  long-term 
effects  on  organisms,  and  show  effects  on  growth,  reproduction,  behaviour,  etc.  and 
while  not  directly  lethal  to  individuals  would  contribute  to  the  demise  or  lack  of 
competitive  vigour  of  a  community  and,  therefore,  result  in  delayed  lethality  and/or 
ecosystem  impairment.  When  responses  other  than  lethality  are  measured,  the 
concentration  which  causes  a  response  in  50%  of  the  test  organisms  is  called  the  EC50 
(concentration  effective  to  30%  of  exposed  organisms).  ■ 

Toxicity  is  measured  by  placing  a  suitable  number  of  test  organisms  in  effluent  diluted 
with  culture  water  or  receiving  water  in  a  number  of  geometric  dilution  preparations. 
The  percentage  of  organisms  showing  the  indicated  response  is  then  plotted  on  a  probit  or 
probability  scale  against  the  concentration  on  a  logarithmic  scale.  A  line  of  best  fit  is 
estimated  or  calculated,  and  the  50%  effect  concentration  (including  confidence 
intervals)  is  determined.    ^ 
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1.2         Application  of  Effluent  Toxicity  Tests 

To  define  the  degree  of  impact  of  an  effluent  on  the  receiving  environment  requires  a 
test  of  the  total,  rather  than  individual,  effects  of  all  contaminants  present.  A  toxicity 
test  will  express  all  of  the  toxicant  actions  and  interactions  of  an  effluent  on  a  selected 
organism.  If  the  intention  is  to  prevent  reproductive  impairment  of  fish,  for  example, 
sublethal  toxicity  tests  of  reproduction  can  be  conducted  on  a  representative  species  to 
determine  the  dilution  required  by  the  receiving  water  before  toxic  effects  disappear. 
Receiving  water  characteristics  (volume,  flow,  etc.)  will  define  the  dilution  profile  of  the 
effluent.  Thus,  the  acceptability  of  the  effluent  can  be  determined  based  on  the  distance 
and  area  downstream  that  effects  are  likely  to  be  observed.  Assessment  of  receiving 
water  quality  based  solely  on  compliance  with  a  limited  number  of  existing  PWQO's  is 
inadequate  for  a  comprehensive  evaluation  of  effluent  impact.  Biological  tests  must  be 
included  in  a  water  quality  assessment  profile. 

Toxicity  tests  are  therefore  used  to  quantify  the  cumulative  toxicity  of  an  effluents' 
component  parts.  The  result  is  expressed  as  the  effluent  concentration  that  produces  an 
effect  in  a  representative,  sensitive  test  species  and  can  be  compared  with  the  dilution 
profile  developed  for  each  receiving  water  site.  This  study  represents  a  first  intensive 
evaluation  of  sewage  treatment  plant  effluent  acute  and  chronic  toxicity. 


2306.1  1,3 


ZO  BIO  ASSAY  METHODS 

2.1  Daphnia  Acute  Lethality  Testing  Procedure 

Toxicological  evaluation  of  effluent  samples  collected  from  the  Gait  sewage  treatment 
plant  were  completed  with  Daphnia  magna  following  the  general  directions  of  the  EPA 
(19X5)  testing  protocol.  Suggested  procedures  specific  for  Daphnia  testing  by  Buikema  ct_ 
ah  (1980)  were  incorporated. 

2.1.1  Culture  Conditions 

Daphnia  magna  were  obtained  from  monoculture  stocks  at  the  Canadian  Centre  for 
Inland  Waters,  Great  Lakes  Biolimnology  Laboratory  in  Birlington,  Oitario.  Taxonomic 
verification  was  completed  using  an  invertebrate  key  (Pennak,  1953),  by  BEAK  taxonomic 
specialists. 

Daphnia  stocks  were  fed  a  mixed  solution  of  Selenastrum  and  Chlorella  algae  every  ki 
hours  in  glass  culture  aquaria  containing  laboratory  dilution  water  held  at  20^1  C.  The 
photoperiod  was  maintained  at  12  hours  light,  12  hours  dark.  Water  for  culture  was 
dechlorinated  Mississauga  tap  water  (Table  1)  which  is  chemically  analyzed  monthly  for 
specific  conventional,  inorganic  and  organic  parameters. 

The  Daphnia  culture  was  actively  reproducing  and  no  ephippial  eggs  (which  develop  when 
the  culture  is  under  stress  from  food  deprivation,  overcrowding,  low  temf)erature)  had 
been  generated  since  the  culture  was  initiated.  Based  on  general  observations  over  the 
preceding  12  to  1<>  months,  four  to  six  young  were  being  produced  per  adult  in  the  stock 
culture. 

2.1.2  Testing  Procedure 

Gravid  adults  selected  from  the  stock  culture  were  isolated  in  50  mL  vessels  containing 
laboratory  dilution  water  one  to  two  days  prior  to  testing  (Table  1)  and  2<»-  to  'jS-hour  old 
neonates  were  collected  for  the  bioassays.  Different  adults  provided  neonates  for 
definitive  tests. 


The  definitive  tests  were  completed  using  neonates  generated  as  described  above.  The 
effluent  exposure  concentration  series  were  as  follows:  5,10,20,30,50  and  100%. 
Additional  lower  effluent  concentrations  were  prepared  after  2'»  hours  if  preliminary 
results  indicated  that  the  samples  were  toxic  in  the  lowest  test  dilution. 

The  bioassays  were  conducted  in  200  mL  glass  containers.  The  test  volume  was  100  mL, 
and  the  sample  was  not  aerated.  Each  test  vessel  contained  ten  daphnids.  Each  test  was 
accompanied  by  a  control  containing  dilution  water  only,  but  was  subjected  to  the  same 
test  conditions  as  the  effluent  concentrations. 

All  tests  were  conducted  at  a  temperature  of  2ltl°C  under  a  controlled  light  regime  (12 
hours  light/12  hours  darkness).    The  test  conditions  are  summarized  in  Table  2. 

Dissolved  oxygen,  pH,  temperature  and  conductivity  were  recorded  prior  to  and  after 
bioassay  duration  to  ensure  that  physical  test  conditions  were  adequate  for  Daphnia 
survival  and  that  dilutions  were  correctly  prepared.  All  samples  were  aerated  throughout 
the  tests.  Daphnia  mortality  was  recorded  at  2'»  and  <»S  hours,  and  the  ^S-hour  median 
lethal  concentrations  (LC50)  values  and  95%  confidence  limits  were  determined  by 
moving  average  method  (Bennett,  1952). 

2.2         Rainbow  Trout  Acute  Lethality  Test 

The  tests  conducted  were  96-hour  static  acute  toxicity  bioassays  performed  according  to 
the  procedure  outlined  in  the  Ontario  Ministry  of  the  Environment's  "Protocol  to 
Determine  the  Acute  Lethality  of  Liquid  Effluents  to  Fish"  (MOE,  1983). 

2.2.1       Culture  Conditions 

The  fish  obtained  for  these  bioassays  were  juvenile  rainbow  trout  with  a  mean  weight  of 
1.2  g  and  a  mean  length  of  51  mm.  The  fish  were  certified  disease -free  and  obtained 
from  Aquafarms,  Feversham,  Ontario.  The  fish  were  acclimated  in  the  BEAK, 
Mississauga  laboratory  in  a  holding  tank  at  a  water  temperature  of  15±1°C  for  K  to  23 
days  before  testing.   Holding  and  dilution  water  quality  is  presented  in  Table  1. 


2.2.2      Testing  Procedure 

The  test  solutions  were  aerated  during  the  period  of  exposure  to  maintain  the 
concentration  of  dissolved  oxygen  above  8  mg/L.  A  fish  loading  rate  of  0.6  L  of  test 
solution/g  of  fish/day  was  maintained  throughout  the  exposure  period.  Ten  fish  were 
exposed  per  concentration  tested.  The  bioassays  were  conducted  in  30  L  non-toxic 
plastic  containers,  each  containing  30  L  of  solution,  held  at  a  constant  temperature  of 
15il°C  A  photoperiod  of  12  hours  light/12  hours  darkness  was  maintained  during 
testing.  The  tests  were  accompanied  by  a  control  in  which  the  fish  were  exposed  to 
dechlorinated  Misslssauga  tap  water  under  the  same  test  conditions.  The  specific 
conditions  of  the  bioassays  are  presented  in  Table  3.  Dissolved  oxygen,  pH,  conductivity, 
temperature  and  fish  survival  were  nrwnitored  daily  in  each  test  container  at  time  0,  2k, 
<>8,  72  and  96  hoirs. 

Acute  lethality  (96-hour  LC50)  and  95%  confidence  limits  were  calculated  by  moving 
average  according  to  Bennett  (1952). 

2.3         Ceriodaphnia  Survival  and  Reproduction  Sdblethality  Test  Procedure 

The  sublethal  toxicity  of  four  effluent  samples  collected  from  the  Gait  sewage  treatment 
plant  was  measured  using  the  daphnid,  Ceriodaphnia  reticulata,  following  the  EPA  (1985) 
test  method. 

2.3.1       Culture  Conditions 

Ceriodaphnia  reticulata  were  obtained  from  U.S.  EPA,  Duluth  Research  Laboratory 
monoculture  stocks.  Taxonomic  verification  was  completed  using  an  invertebrate  key 
(Pennak,  1953)  by  BEAK  taxonomic  specialists.  Ceriodaphnia  stocks  were  fed  daily  a 
suspension  of  combined  solution  of  fermentated  trout  chow,  Fleischman's  yeast  and 
Cerophyl  (powdered,  dried  cereal  leaves).  The  feeding  rate  was  5  mL/L  of  culture 
medium.  The  culture  stocks  were  maintained  in  25  L  glass  aquarium,  containing 
laboratory  dilution  water  at  25il°C.  The  photoperiod  was  16  hours  light,  8  hours  dark  at 
the  100  ft-C  light  intensity.  The  culture  populations  were  maintained  at  a  loading  rate 
of  less  than  1,000  animals/L  of  medium  to  prevent  crowding  and  to  discourage 
gametogenesis. 


Brood  animals  containing  eggs  selected  from  the  stock  culture  were  isolated  in  50  mL 
beakers  containing  13  mL  of  dilution  water  and  O.I  mL  of  food  suspension  for  2^*  hours 
prior  to  testing.  After  one  day,  the  young  produced  and  media  were  discarded,  and  brood 
females  were  transferred  to  fresh  solution,  and  the  resulting  young  produced  within  the 
following  four  hours  were  used  as  the  test  organism. 

2,3.2      Survival  and  Reproduction  Test  Procedure 

The  definitive  tests  were  completed  using  '^-hour-old  Ceriodaphnia  instars  generated  as 
described  above.  The  tests  were  commenced  within  72  hours  of  sample  collection.  The 
exposure  concentration  series  were  as  follows:  1,  3,  5,  10,  20,  30,  50  and  100%.  Ten 
animals  were  exposed  to  each  effluent  concentration,  and  only  one  animal  was  placed  in 
each  exposure  vessel.  The  bioassays  were  conducted  in  <»0  mL  polyethylene  vessels  with 
15  mL  of  test  solution.  Each  bioassay  was  accompanied  by  a  control  containing  dilution 
water  only,  but  subjected  to  the  same  test  conditions  as  the  effluent  concentrations. 


organisms  in  the  test  vessels  were  fed  daily  at  a  rate  of  OJ  mL  food  suspension/15  mL  of 
test  solution  (Table  U).  Each  surviving  test  organism  was  transferred  daily  into  a  new 
test  vessel  containing  15  mL  of  freshly  prepared  test  solution  and  0.1  mL  of  the  food 
suspension.  Once  the  Individual  Ceriodaphnia  had  matured  and  were  producing  young  (on 
about  the  third  day),  only  the  adult  was  transferred  to  fresh  effluent  solution  and  fed. 
The  remaining  young  were  sacrificed  with  two  drops  of  IN  HCl  and  counted.  Dissolved 
oxygen,  pH,  temperature  and  conductivity  were  recorded  at  the  beginning  and  end  of 
each  2<»-hour  exposure  period  in  each  test  concentration  and  control. 

The  adult  survival  and  number  of  young  produced  were  recorded  daily. 


3.0  CHEMISTRY  METHODS 

3.1  Analysis 

Total  residual  chlorine  was  measured  using  the  DPD  (N,N-diethyl-p-phenylenediamine) 
colourometric  method  calibrated  against  dilutions  of  standard  solutions  of  TRC  prepared 
by  HACH.   The  method  provides  detection  to  0.05  mg  TRC/L- 

Total  ammonia  nitrogen  was  measured  using  the  Nesslerization  spectrophotometric 
method  which  was  also  calibrated  against  dilutions  of  standard  solutions  prepared  by 
HACH.    The  limit  of  senstivity  was  1  mg/L  for  this  analytical  method. 

Both  analytical  methods  provided  adequate  sensitivity  to  measure  potentially  lethal 
levels  of  chlorine  and  ammonia,  and  also  allowed  immediate  measurement  of  toxicants  to 
efficiently  determine  whether  toxicant  removal  or  the  dosing  of  reactive  agent  was 
required.  The  measured  concentrations  of  chlorine  and  ammonia  were  not  considered  nor 
intended  to  be  highly  accurate,  but  were  used  as  rapid  indicator  tests  providing  direction 
in  the  toxicity  assessment  program. 


3.2         Toxicant  Removal 

Chlorine  removal  was  accomplished  by  the  stochiometric  addition  of  sodium  sulphite  (2 
mg  Na2S03  per  mg  total  chlorine  residual  to  provide  a  15%  overdose).  Total  chlorine 
residual  was  measured  before  and  after  sodium  sulphide  addition,  to  confirm  that  the 
residual  was  non-detectable. 

Total  amniDwa-removal  was  accomplished  by  filtration  with  the  zeolite  ion  resin 
clinoptilolite. 

The  ammonia  exchange  capacity  of  the  resin  was  determined  in  advance,  sufficient  resin 
to  treat  the  volume  of  effluent  required  for  testing  was  pad<ed  in  a  glass  column,  and  the 
effluent  was  pumped  through  the  column  over  eight  hours.  The  treated  effluent  was 
analyzed  to  ensure  that  total  ammonia  was  below  1  mg/L, 


H.O  HISTORICAL  DATA  OF  ACTIVATED  SLUDG  E  STP  EFFLUEhTT 

TOXICITY 

The  MCE  (1986)  conducted  three  rainbow  trout  toxicity  tests  on  the  final  effluent  of  the 
Waterloo  STP  coincident  with  some  of  the  tests  carried  out  during  this  study.  As  was  the 
case  with  all  31  samples  tested  by  BEAK,  the  effluent  was  not  acutely  lethal  to  rainbow 
trout  or  Daphnia  magn^  Earlier  work  by  Metikosh  £LaK  (1980)  also  showed  that  the 
final  effluent  from  Waterloo  STP  was  not  lethal  to  rainbow  trout. 

One  of  17  non-chlorinated  samples  from  the  Gait  STP  was  acutely  lethal  to  Daphnja  in 
the  present  study,  while  two  of  17  chlorinated  samples  caused  mortality.  Metikosh  et  al. 
(1980)  reported  similar  results  using  rainbow  trout,  with  one  in  15  samples  from  the  Gait 
STP  causing  acute  lethality. 

Table  3.1  presents  the  results  of  toxicity  tests  conducted  on  the  effluents  of  other 
activated  sludge  STPs  in  Ontario.  It  is  evident  that  LC50s  have  been  calculated  for  few 
of  the  STP  effluents,  making  quantified  comparisons  difficult.  It  can  be  noted,  however, 
that  the  majority  of  activated  sludge  effluent  samples  are  not  acutely  lethal.  The 
toxicity  results  of  Gait,  Waterloo  and  Welland  STPs  are  typical  of  this,  and  show  that 
effluent  toxicity  varies  dramatically  within  samples  from  any  one  STP,  as  well  as  among 
different  STPs. 

The  toxicity  results  of  other  Canadian  STP  effluents  are  presented  in  Table  3.2.  Again, 
the  toxicity  range  is  wide.  It  is  evident  from  the  results  of  Tables  3.1  and  3.2  that  the 
activated  sluc|ge  process  itself  is  not  responsible  for  a  particular  d^ree  of  toxicity,  but 
that  individual  characteristics  of  each  plant  (e.g.,  operating  efficiency)  are  likely 
responsible.   These  will  be  discussed  further  in  Section  U.O. 
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TABLE      li 

COMPARISON  OF  TOXICITY  RESULTS  FROM  ACTIVATED  SLUDGE 
STPj  in  ONTARIO 

Facility 

No.  of 
Samples 

Test 
Type 

Effluent 
Type 

No.  of 
Uthal 
Samples 

LC30 

Re 

fere  nee 

Brampton 
Experimenul 

17 
12 

Non-chlorinated 
Chlorinated 

NC 
NC 

' 

Brantford 

l> 

Non -chlorinated 

NC 

2 

Burlington 
(Skyway) 

H 

Non-chlorinated 

NC 

2 

Elmira 

7 

Non-chlorinated 

3>-CT  100 

3 

Gait 

13 
17 
17 

Non-chlorinated 

Non-chlorinated 

Chlorinated 

NC 
»»-CT  100 
66-CT  100 

2 
This  Study 
This  Study 

Cuelph 

29 

Non-chloririated 

NC 

Hamilton 

13 

Non-chlorinated 

NC 

Hespeler 

1} 

Non-chlorinated 

NC 

Ingersoll 

3 
30 

Non-chlorinaled 
Nor>-chlorinated 

♦  3-CT  100 
NC 

Lakeview 

<i3 

Non-chlorinated 

NC 

Orangeville 

n 

Non-chlorinated 

NC 

Preston 

i> 

Non-chlorinated 

NC 

Stratford 

i« 

Non -chlorinated 

NC 

TiUsonburg 

13 

Non-chlorinated 

NC 

Watertown 

13 

Non-chlorinated 

NC 

Waterloo 

3 
11 
18 

Non-chlorinated 

Non-chlorinated 

Chlorinated 

CT  100 
CTIOO 
CT  100 

7>.is  Study 
This  Study 

Welland 

1« 
13 

Non-chlorinated 
Chlorinated 

CTIOO 
»-GT  100 

This  Study 
This  Study 

No.  of   100%  effluent  umples  which  killed  30*  or  more  of  test  orga/iisms  (rainbow 
trout  pr  Daphnia). 


LC30  Range:    NC-   LC30  not  calculated 
GT-  greater  than 


1.  Cairns  and  Coon  (1979) 

2.  Metikoshet  al.  (19S0) 

3.  MOE(1983T 
H.  MOE  (1986) 


TABLE     2:  COMPARISON  OF  TOXICITY  RESULTS  FROM  ACTIVATED  SLUDGE 

STPs  OUTSIDE  OF  ONTARIO 


No.  of 

LC50 

Facility 

Samples 

Range  (%) 

Reference 

Cache  Creek,  B.C. 

8 

32.5  to  87 

Higgs(1977d) 

Mission,  aC. 

s 

GT  100 

Higgs  (1977b) 

Moosejaw,  Sask. 

I 

50  to  75 

Spink  et  ah  (1977) 

Penticton,  B.C. 

8 

L  32  to  99 

Higgs  (1977c) 

Prince  George,  B,C. 

U 

GT  100 

Higgs  (19773) 

5.0         CHEMICAL  COMPONENTS  OF  STP  EFFLUEMTS  CONTRIBUTING 
TO  TOXICITY 

Chlorine  and  ammonia  levels  have  been  the  most  frequently  cited  sources  of  toxicity  in 
sewage  treatment  plant  effluents.  Fairly  consistently,  one  or  both  of  them  has  been 
measured  in  lethal  effluents  in  sufficient  quantity  to  implicate  them  as  primary  toxic 
agents.  Occasionally,  ammonia  and  chlorine  cannot  account  for  all  the  observed  toxicity, 
and  other  contaminants  must  be  present  and  contributing  to  toxicity  (e.g.,  metals, 
organic  compounds  and  anionic  surfactants). 

It  is  difficult,  in  a  toxicity  assessment  of  a  complex  mixture  of  chemicals,  to  determine 
the  level  at  which  the  chemicals  present  make  a  significant  contribution  to  the  toxicity 
of  the  mixture.  This  issue  has  been  addressed  by  several  authors  (Alabaster  and  Lloyd, 
1982;  Konemann,  1979,  1980),  who  evaluated  the  available  evidence  from  the  literature, 
suggested  that  lethality  of  a  mixture  could  be  predicted  based  on  the  number  of 
contaminants  present  at  levels  over  0.1  or  0.2  of  their  "threshold  LC50".  The  threshold 
LC50  is  the  concentration  which  produces  no  greater  than  50%  mortality  in  organisms 
exposed  for  an  indefinite  period  of  time.  This  concentration  is  usually  similar  to  the  96- 
hour  LC50  for  fish  and  the  ^^S-hour  LC50  for  small  invertebrates  (Sprague,  1973). 
Therefore,  substances  present  at  concentrations  yeater  than  0.2  of  their  LC30  are 
considered  to  contribute  additively  to  toxicity,  and  tfiose  present  at  less  than  0.2  times 
their  LC50  are  expected  to  exhibit  little  or  no  additive  contribution.  This  concept  has 
been  supported  by  other  authors  (Sprague,  1971^  Bradley,  1986),  and  has  been 
incorporated  into  this  STP  evaluation.  By  this  approach,  it  is  possible  to  focus  on  the 
contaminants  most  likely  to  contribute  to  lethality  and  avoid  the  confounding  influence 
of  other  compounds  present  in  low  concentrations. 

5.1  Ammonia 

Ammonia  has  been  the  most  frequently  cited  cause  of  effluent  lethality  in  laboratory 
toxicity  tests  of  non-chlorinated  STP  effluents.  Un-ionized  ammonia  (NH3)  is  the  toxic 
form  and  concentrations  of  0.1  to  2.0  mg  NH3/L  are  lethal  to  rainbow  trout  (Craig, 
1985).  Qaphnja  are  slightly  less  sensitive,  with  LC5k  of  2  to  3  mg  NH3/L  (Craig,  1985; 
Gersich  and  Hopkins,  1986).  The  equilibrium  between  ionized  and  un-ionized  species  is 
affected  by  pH  and  temperature,  according  to  the  following  equation  (Emerson  et^a^ 
1975): 
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Fraction  of  Total  Ammonia  in  Un-ionized  Form 


jo(pKa-pH) 


where:  pKa    =  0.09    +     2.730  and  T    =   °C 

273  +  T 

Un-ionized  ammonia  was  present  in  Gait  STP  influent  and  effluent  at  levels  sufficient  to 
account  for  partial  toxic  contribution  to  rainbow  trout  and  Daphnia.  No  concentration- 
dependent  relationship  to  lethality  was  observed,  however.  Un-ionized  ammonia  was 
responsible  for  Waterloo  influent  lethality  to  rainbow  trout  and  possibly  contributed  to 
Daphnia  lethality.  Effluent  concentrations  of  ammonia  were  below  acutely  lethal  levels 
at  the  Welland  STP,  but  may  have  contributed  to  Daphnia  lethality  in  chlorinated 
effluent.  The  concentrations  of  ammonia  measured  in  the  effluents  from  Waterloo  were 
very  low,  and  acute  mortality  did  not  occur  among  trout  or  Daphnia. 

Since  so  few  samples  from  Gait,  Waterloo  and  Welland  STPs  proved  to  be  lethal,  it  is 
difficult  to  establish  a  relationship  between  lethality  and  specific  toxic  components.  If 
the  data  are  combined  with  those  from  other  Canadian  STPs,  it  is  possible  to  relate 
effluent  lethality  to  ammonia.  Figure  <f.l  shows  the  relative  frequency  of  lethal  samples 
at  each  2  mg/L  increment  of  total  ammonia.  Above  10  mg/L,  the  frequency  of  lethal 
samples,  with  one  exception,  is  greater  than  50%.  This  suggests  that  elevated  ammonia 
levels,  particularly  over  10  mg  total  NH3/L  are  likely  to  cause  or  contribute  to  effluent 
lethality. 

5.2         Chlorine 

Chlorine,  when  added  to  water,  tends  to  form  hypochlorous  acid  and  hypochlorite  ion. 
These  free  chlorine  forms  react  readily  with  ammonia  and  certain  nitrogenous  compounds 
to  form  combined  chlorine,  particulewly  chloramines.  Total  residual  chlorine  (TRC) 
measured  in  wastewater  is  the  sum  of  free  and  combined  forms  (APHA,  19&5).  Both 
forms  are  highly  toxic  to  aquatic  organisms,  although  free  chlorine  may  be  slightly  more 
potent  (acute  LC50's  are  usually  in  the  range  of  0.08  to  0.3  mg/L). 
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FIGURE  4. 1       Total  Ammonia-  Nitrogen  vs. 
Relative  Frequency  of  Acutely 
Lethal  Effluent  Samples 
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Three  of  four  lethal  samples  from  Welland  STP  became  non-lethal  to  Daphnla  after 
dechlorination.  The  toxicity  of  the  fourth  sample  was  reduced  from  an  LC50  of  8%  to 
2596.   Clearly,  residual  chlorine  contributed  to  effluent  lethality. 

There  was  a  lack  of  correlation  between  lethality  ar>d  TRC  concentrations  in  the  effluent 
samples  from  the  three  plants.  One  possible  reason  Is  the  poor  accuracy  and  precision  of 
TRC  measurement  below  0.5  mg/L  using  the  DPD  method.  In  addition,  free  chlorine  is 
rapidly  dissipated  from  water,  while  chloramines  tend  to  persist  approximately  ten  times 
longer  (Snoeyink  and  Markus,  1973,  as  cited  in  Johnson,  1976).  Therefore,  depending  on 
the  ammonia  concentration  in  the  effluent  sample,  toxicological  effects  due  to  TRC 
after  sample  handling  and  storage  may  not  represent  the  true  nature  of  the  effluent. 

There  have  been  studies  where  TRC  toxicity  has  been  denx)nstrated  below  Canadian  STP 
outfalls  (Osborne  et  ah,  1981;  Flood  et^ah,  19&U).  The  studies  of  Tsai  (1968,  1970,  1973) 
are  frequently  used  as  examples  of  the  effect  of  TRC  on  receiving  waters,  but  residual 
chlorine  was  not  even  measured  in  1968  and  1970,  and  was  measured  by  the  inaccurate 
orthotolldine  method  (APHA,  1985)  in  1973.  Few  experiments  have  thoroughly  examined 
the  potential  role  of  other  contaminants  downstream  from  STP  outfalls  coincident  with 
reliable  TRC  analysis  (e.g.,  amperometric  titration,  APHA,  1985). 

The  importance  of  TRC  toxicity  remains  ill-defLned  with  respect  to  receiving  water 
impact.  It  is  likely  that  chlorination  of  an  effluent  with  elevated  ammonia  nitrogen  leads 
to  increased  receiving  water  impact  due  to  the  formation  of  more  persistent 
chloramines.  Ammonia  itself,  however,  may  also  contribute  to  toxicity  in  such  a  case. 
The  amount  of  dilution  available  will  also  determine  the  effect  of  TRC  in  the  receiving 
water.  In  addition,  the  level  of  TRC  maintained  in  the  effluent  and  the  degree  of 
accuracy  with  which  it  is  measured  would  also  help  determine  the  impact  of  the  effluent 
on  the  receiving  environment. 

3.3         Metals 

Metals  have  been  reported  as  possible  contributors  to  STP  effluent  toxicity  (Huggett, 
197^*;  Martens  and  Servizi,  1976;  Higgs,  1977c;  Ward  and  BeGraeve,  1978).  The  metal 
concentrations  measured  in  the  final  effluents  from  the  Gait,  Waterloo  and  Welland 
treatment  plants   are   presented    in    Tables   '^.l    to   ^.3,  respectively.      Representative 
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rainbow  trout  and  invertebrate  96-hour  LC50  values  for  metals  were  taken  from  the 
literature  and  appear  In  Table  U.it.  The  latter  table  was  used  to  determine  whether 
concentrations  measured  at  the  three  STPs  may  have  contributed  to  observed  lethality. 
Sublethal  toxicity  values  are  also  presented  for  comparison. 

It  is  evident  from  Table  UA  that  a  wide  range  of  toxic  concentrations  have  been 
evaluated  for  fish  and  invertebrates.  Where  a  range  of  LOGO'S  has  been  reported,  the 
lowest  value  for  each  species  was  used  in  the  evaluation  of  toxic  contribution.  As 
discussed  earlier,  this  was  accomplished  by  comparing  measured  contamiriant 
concentrations  with  0.2  times  the  LC50  values  for  trout  and  Dapl)nia.  Cadmium  was, 
therefore,  an  unlikely  source  of  toxicity  in  effluents  from  the  three  STPs,  since  it  never 
exceeded  20  ug/L  for  Daphnia  or  27  ug/L  in  rainbow  trout  tests.  Similarly,  chromium, 
nickel,  lead  and  zinc  concentrations  in  Gait,  Waterloo  and  Welland  effluents  were  all 
below  0.2  of  the  lowest  reported  LC50  values,  and  no  lethal  samples  corresponded  with 
peak  concentrations  of  any  of  these  metals. 

Copper  concentrations  met  or  exceeded  0.2  of  the  LC50  in  most  influents  and  in  some 
effluents  from  the  Gait  and  Waterloo  STPs.  Although  all  17  effluent  samples  from  Gait 
exceeded  0.2  of  the  LC50  (12  ug/L  assuming  an  LC50  of  60  ug/L),  only  three  samples 
were  lethal,  and  these  were  not  associated  with  the  highest  copper  concentrations.  In 
the  effluent  from  Waterloo,  nine  of  13  samples  measured  12  ug  Cu/L  or  more,  and  no 
lethality  was  observed  in  any  samples.  Therefore,  the  contribution  of  copper  to  effluent 
toxicity  is  unclear. 

Copper  was  found  in  lethal  concentrations  at  three  STPs  by  Martens  and  Servizi  (1976), 
but  no  significant  concentration-lethality  relationship  was  identified.  Copper  was  the 
only  metal  of  six  measured  by  the  EPA  (1977)  to  reach  potentially  toxic  levels  in  an  STP 
effluent  in  Memphis,  Tennessee.  The  effluent  was  lethal,  but  observed  mortality  was  not 
related  to  any  particular  effluent  characteristics  by  the  authors.  Tsai  and  McKee  (1978) 
reported  additive  or  synergistic  effects  of  copper,  LAS  (linear  alkylbenzene  sulphonate) 
and  chloramines,  but  statistical  analyses  were  not  performed  to  determine  significant 
differences  between  LC50*s  of  the  various  mixture  ratios,  nor  were  the  contributions  of 
each  chemical  quantified. 
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TABLE  liM 


DOCUMENTED  TOXIC  CONCENTRATIONS  (ug/L)  OF  VARIOUS 
METALS  AND  ORGANICS  TO  FISH  AND  INVERTEBRATES 


Rainbow  Troot 
Lego's 


^ 


Inorganics 

Cd  ' 
Cr, 

C^ 

Ni" 
Pb'^ 

Phosphorus 


100-2,000 

3,<>00-65,500 

20-102 

32,000 

1,000-6,500 

135-7,210 


65 
<»35-58,700 

80-85 

510-1,120 

tt50 

100-280 


12 


Organics 

Benzene 

Chloroform 

l.'^-Dichlorobenzene 

Ethylbenzene 

Phenols 

Tetrachk)coethylene 

Toluene''^ 

1,1,1-Trichloroeth 

Trichl  Qcoethylene 

Xylene' 


11,13 


m'' 


9,200 

23,900-36,500 

1,120-1,200 

1<»,000 

13,'>00-20,300 

2^,000 
<>2,30O- 52,900 
02,300-52,900 
8,200-13,500 


1 1,000 


17,700 
313 

85,200 


Environment  Canada  (1979-1980) 

I3C  (1977) 

Eisler  (1986) 

I3C  (1978) 

13C  (1980) 

Tentative  PWQO  values  under  consideration  by  MOE. 

Mayer  and  Ellersieck  (1986) 

MOE(198'»a) 

EPA  (1980b) 

EPA  (1978a) 
,_  EPA  (1978b) 
\t  EPA  (1980a) 

Geiger  £t^^(1985).     Data  are  for  fathead  minnows.    The  interspecies  compariso 

between  fatheads  and  rainbows  developed  by  Thurston  et^al^(1985)  indicates  that  th 

rainbow  trout  LC50's  would  be  as  much  as  two  times  higher.    Therefore,  the  valu< 

cited  here  are  conservative  estimates. 


Zinc  concentraticxis  were  also  measured  at  potentially  toxic  levels  in  some  influents  and 
effluents  from  Gait,  Waterloo  and  Welland.  They  were  not,  however,  consistently 
associated  with  lethality. 

Metals  may  make  a  contribution  to  STP  effluent  lethality,  but  they  are  not  expected  to 
be  primary  causative  agents.   Clearly,  further  research  is  required  to  clarify  this  issue. 

5.4  Organic  Compounds 

The  levels  of  organic  compounds  measured  in  the  effluents  from  Gait,  Waterloo  and 
Welland  STPs  are  presented  in  Tables  U.5  to  <f.7,  respectively.  These  values  fall  well 
short  of  0.2  times  the  representative  LC50  values  shown  earlier  in  Table  S.  Therefore, 
none  of  the  organics  analyzed  were  likely  significant  contributors  to  effluent  lethality. 
One  possible  exception  was  xylene  which  was  measured  in  an  influent  sample  from  Gait 
(30.09.86,  high  load).  That  sample  was  acutely  lethal  to  Daphni^.  Other  studies  have 
also  reported  low  concentrations  of  organic  compounds  in  STP  effluents  (Kopperman, 
1976;  EPA,  1977;  Melcer,  1986). 

5.5  Surfactants 

While  surfactant  concentrations  were  not  measured  in  the  three-plant  study,  their 
involvement  in  STP  effluent  toxicity  has  frequently  been  suggested.  Surfactants  enter 
sewage  treatment  plants  in  domestic  and  industrial  wastewaters.  Anionic  surfactants  are 
the  most  common  type  of  surfactant,  and  usually  arise  from  the  use  of  detergents.  They 
may  vary  in  molecular  chain  lerigth,  and  take  on  a  branched  or  linear  structure  (Abel, 
197 U).  The  methylene  blue  active  substances  (MBAS)  method  Is  commonly  used  to 
estimate  the  anionic  surfactant  content  of  water  and  wastewaters  (APHA,  1985).  Linear 
alkylbenzene  sulfonates  are  the  most  widely  used  anionic  surfactants,  and  are  used  to 
standardize  the  MBAS  method. 

The  lethality  of  anionic  surfactants  increases  as  the  rximber  of  carbon  atoms  increases 
and  as  the  position  of  the  phenyl  moeity  is  located  in  a  more  terminal  than  central 
position  in  the  chain  (Kimberle  and  Swisher,  1977).  The  toxicity  of  anionic  surfactants 
can  range  over  an  order  of  magnitude,  depending  on  the  molecular  structure  and 
organism  tested.    For  example,  the  96-hour  LC50  to  bluegill  sunfish  was  0.6  mg/L  for  a 
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TABLE  <».7:  CONCENTRATIONS  OF  ORGANICS  IN  WELLAND  SEWAGE 

TREATMENT  PLANT  EFFLUENT  (ug/L) 


Sample  1,*-  Trichloro- 

Date  Phenolics     Chloroform  Dichlorobenzene     ethylene         Toluene       P&M-Xylene 

In        Out  In        Out  In        Out      In        Out        In        Out 


High  Load 

19.08.S6  3.^  6.67  1.00  1.93  1.00  1.00  0.50  0.50  0.25  0.25  0.25 

20.08.86^  5.0  ^.19  1.00  2.29  0.50  1.00  0.50  1.17  0.25  ^^.32  0.67 

22.08.86^^  3A  3.33  1.00  2.56  1.00  0.50  0.50  0.25  0.25  0.25  0.25 

23.08.86''  1.0  3.73  1.01  2.00  1,00  0.50  0.50  0.50  0.25  0.25  0.25 

2'».08.86^'^  2A  5.73  IJ^  2.32  1.00  0.50  0.50  0.95  0.25  0.50  0.25 

27.08.86^'  1.0  0.50  2.19  2.19  1.00  0.50  0.50  0.50  0.25  0.25  0.25 

Low  Load 

20.08.86*^  5.0  2.75  1.00  1.58  1.00  0.50  0.50  0.63  0.25  0.25  0.25 

21.08.86  2A  UJl  I.OO  1.87  0.50  1.00  0.50  1.50  0.25  0.25  0.25 

22.08.86  8.8  3.00  1.00  2.30  2J0  1.00  0.50  0.63  0.25  0.25  0.25 

20.08.86*''^  1.6  3.56  1.00  2.60  1.00  1.00  0.50  1.58  0.25  0.25  0.25 

27,08.86  2.0  3.10  0.50  2.10  1.00  0.50  0.50  0.91  0.66  0.76  0.25 


^  Non -chlorinated  and     chlorinated  sample  toxic  to  Daphnia  magna. 


Influent  sample  toxic  to  Salnx)  gairdneru 
°  Influent  sample  toxic  to  Daphnia  magna. 


linear  (I'^-carbon  chain)  surfactant  (Swisher  et^aL,  196'»  in  Abel,  197'*),  compared  to  17 
mg/L  for  a  branched  surfactant  (Cairns  and  Sheier,  1962  in  Abel,  197^).  Kimberle  and 
Swisher  (1977)  measured  LAS  LOGO'S  of  0.5  to  50  mg/L  to  Daphnia  and  fathead 
minnows.  Since  the  MBAS  method  measures  all  anionic  surfactant  forms  present, 
correlations  of  surfactant  concentrations  to  effluent  lethality  are  impossible. 

In  a  number  of  sewage  plant  effluent  toxicity  studies  in  British  Columbia  (Higgs,  1977), 
surfactants  were  considered  contributary  components  of  effluent  lethality  on  the 
strength  of  MBAS  analyses.  A  study  by  Esvelt  et_ ah  (1973)  demonstrated  that  treatment 
of  sewage  effluent  by  ionic  exchange  resin  or  charcoal  filtration  reduced  acute 
lethality.  In  that  study,  it  appeared  that  reductions  in  surfactant  concentrations 
decreased  toxicity,  but  the  authors  did  not  attempt  to  identify  what  other  toxicants  may 
have  been  removed  by  activated  carbon.  It  was  concluded  that,  on  an  equivalent  mass 
basis,  surfactants  contributed  almost  six  times  more  to  the  effluent  toxicity  than  total 
ammonia.  However,  they  also  acknowledged  that  7^%  of  the  lethality  was  unaccounted 
for,  and  metals  represented  an  obvious  toxicant  source  that  was  not  included  in  the 
relationship  developed. 

Surfactants  may  be  reduced  to  non-toxic  concentrations  in  most  secondary  STPs 
(Metikosh  et^aL,  1980).  It  also  seems  unlikely  that  the  more  toxic  long-chain  surfactants 
would  persist  through  the  microbial  action  of  secondary  treatment.  Assessment  of 
surfactant  contributions  to  effluent  lethality  may  be  elucidated  by  tests  where 
alternative  potential  toxicants  are  not  present. 
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6.0  PROCESS  CHARACTERISnCS  CONTRIBUTING  TO  EFFLUENT  TOXICITY 

A  review  of  the  BOD^  removaJ  efficiencies  of  Ontario  STPs  (BEAK  and  Canviro,  in 
progress)  indicated  that  effluents  were  more  frequently  toxic  when  total  ammonia-N 
corx:entrations  exceeded  10  mg/L.  This  was  often  the  case  during  winter  operation,  with 
high  total  ammonia  levels  apparently  resulting  from  reduced  nitrification  at  lower 
wastewater  temperatures. 

The  food-to-microorganism  ratio  (F/M)  is  a  process  operating  parameter  describing  the 
organic  loading  treated  by  the  biological  section  of  a  treatment  plant.  Low  food-to- 
microorganism  ratios  (e.g.,  0.05  to  0.15  day"  )  are  typical  of  extended  aeration  plants, 
while  conventional  activated  sludge  plants  maintain  an  F/M  ratio  between  0.2  and  OA 
day"  .  At  low  F/M  ratios,  populations  of  nitrifying  bacteria  may  become  well  established 
in  aeration  tanks,  resulting  in  lower  total  ammonia-N  concentrations  in  effluents. 

The  relative  industrial  flow  contribution  appeared  to  have  little  effect  on  the  acute 
lethality  of  Ontario  secondary  treatment  plants  when  the  total  ammonia-N  corxrentration 
exceeded  10  mg/L  (BEAK  and  Canviro,  in  progress).  When  the  total  ammonia-N  in  the 
effluent  was  less  than  10  mg/L,  however,  industrial  contributions  may  have  had  some 
impact  on  effluent  toxicity.  In  this  latter  grouping,  lethality  was  only  observed  when  the 
industrial  input  was  major,  in  five  of  28  effluents  tested.  It  is  possible  that  some 
unidentified  contaminants  resulting  from  industrial  activities  were  responsible  for  the 
toxic  responses. 

Chlorination  is  the  most  widely  used  disinfection  procedure  of  Ontario  sewage  treatment 
effluents.  It  occurs  just  prior  to  discharge,  and  can  cause  a  near-field  zone  of  lethality 
in  receiving  waters.  Chlorination  of  ammonia-rich  effluent  results  in  the  formation  of 
chloramines  which  are  more  persistent  than  free  chlorine,  and  may  result  In  a  more 
persistent  far-field  effect  downstream  of  the  discharge.  The  chlorine-ammonia 
interaction  might  be  reduced  by  accurate  residual  monitoring  through  amperometrlc 
detection,  coupled  with  a  continuous  feedback  dosing  system. 
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7.0  APPLICATION  OF  TOXICITY  TEST  RESULTS  TO  REGULATORY  PROGRAMS 

Toxicity  estimates  developed  by  comparison  of  measured  contaminant  levels  with 
documented  lethal  concentrations  are  inadequate  to  ensure  protection  of  receiving  water 
biota.  Toxicological  data  are  unavailable  for  the  thousands  of  toxic  compounds  that  are 
regularly  discharged  into  surface  waters.  Furthermore,  many  discharged  compounds  will 
not  be  detected  by  available  analytical  methods.  TTiirdly.  chemical  concentration  data 
do  not  take  into  account  possible  interactions  among  poUutants  and  the  cumulative  toxic 
effect  on  aquatic  biota.  The  U.S  National  Pollutant  Discharge  Elimination  System 
(NPDES).  for  example,  has  shown  that  assessment  and  control  of  the  effects  of  toxic 
discharges  on  aquatic  communities  is  often  incomplete  without  the  use  of  living  organism 
toxicity  tests  (Wall  and  Hamner.  1987). 

Toxicity  tests  more  accurately  reflect  potential  biological  effects  in  receiving 
environments.  Tlie  U.S  EPA  has  demonstrated,  through  laboratory  and  field  studies,  that 
biological  testing  is  a  scientificaUy  valid  approach  to  control  toxicants  in  wastewater 
discharges  (Wall  and  Hamner.  19S7).  T^e  Ontario  Ministry  of  the  Environment  has 
recently  announed  their  decision  to  implement  regular  biological  tests  in  the  "Effluent 
Monitoring  Regulation  for  the  Petroleum  Refining  Sector"  as  part  of  the  Municipal 
Industrial  Strategy  for  Abatement  (MISA)  program.  It  is  intended  that  regulations 
demanding  such  tests  will  eventually  be  applied  to  all  major  effluent  discharges. 

The  means  of  incorporating  toxicity  tests  in  effluent  quality  regulation  has  yet  to  be 
finalized.  Comparison  of  toxicity  test  results  with  compliance  of  PWQO-s  in  the 
receiving  environment  will  identify  which  provides  the  most  stringent  protection.  T^e 
designated  receiving  water  use  requirements  will  then  determine  which  level  of 
protection  is  the  most  appropriate.  For  example,  if  the  receiving  water  supplies  drinking 
water,  then  the  most  appropriate  regulatory  device  is  the  drinking  water  quality 
objective.  However,  if  aquatic  habitat  protection  is  required,  regulation  using  toxicity 
test  data  would  be  most  appropriate. 
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